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The purpose of this study was to estimate upper (UB) and lower 
body (LB) energy expenditure (EE) with minute by minute heart rate 
monitoring (HRM) for comparison with actual UB and LB field EE 
measured by indirect calorimetry (Aerosport KBl-C). HR, V 02, and 
RER were measured during laboratory incremental treadmill 
walking, and simulated fire line construction to develop linear 
regression equations (HR vs. V 02 and HR vs. RER) for each subject 
(N=13) and activity. Overall data was used to produce UB and LB 
group prediction equations. Subjects completed a field hike (1.21 km) 
and a field dig trial (6 min) while wearing a chest strap monitor to 
record HR each minute during the field activities. Field HR values 
were integrated into the appropriate upper or lower body regression 
equations to estimate EE.
Upper body EE results (kcals/min): individual equation = 4.51±1,45*, 
group equation = 4.70±1.11*, actual EE 6.33±1.30. Lower body EE 
results (kcals/ min): individual equation = 9.53±1.63, group equation = 
9.50±0.94, actual EE 9.74±1.8S. Upper body + lower body results 
(kcals/min): individual equation = 8.59±1.24, group equation = 
8.45±1.03, actual EE 9.14±1.65. *p<0.008 vs. actual
These results demonstrate accurate predictions of LB EE and 
(UB+LB) EE from minute by minute HRM using the individual and 
group regression equations. Although group prediction equations 
did not show significant differences between estimated EE and actual 
EE, there was no significant correlation between variables. In 
contrast, individual prediction equations show a significant positive 
correlation between estimated EE and actual EE as well as no 
significant differences. Neither method provided an accurate 
prediction of UB EE. This may in part be due to a lack of specificity of 
the lab simulated dig trial, thereby establishing inaccurate UB 
H R /V 0 2  relationships compared to actual field exercise. Further 
research is needed to examine extraneous variables which affect the 
H R /V 0 2  relationship such as environmental and core temperature, 
dehydration, and ingestion of caffeine or nicotine, and increased 
exercise duration.
u
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Chapter One: Introduction
Several physiological responses can be associated with changes in metabolic 
rate, including but not necessarily limited to; oxygen consumption (VOg), 
ventilation, and heart rate (HR). A known amount of oxygen is required to 
metabolize a gram of carbohydrate, fat and protein. Metabolism can be 
determined indirectly by measuring the amount of oxygen an individual 
consumes for a given unit of time (i.e. L O j/m in). The VOj value, in 
conjunction w ith the respiratory exchange ratio (RER), w ill determine caloric 
expenditure. Measuring VOj in the field can be a difficult and cumbersome 
task. Therefore, an alternative method to describe energy expenditure (EE) in 
free living subjects is necessary. Although VOj is the most obvious 
physiological response associated with metabolic changes, HR is the easiest 
physiological response to measure in the field.
Booyens and Hervey (1960) defined the HR/VOg relationship as linear. 
Montoye (1996) explains this linear relationship with the Pick equation:
V 02= H R  SV (a-vOz A)
During exercise, a-vOjA represents the increased Oj uptake by working 
muscles. Above exercise intensities of 40 - 60%, stroke volume (SV) and 
a-vOgA do not change drastically (Montoye, 1996). Therefore, the increase in 
HR is representative of an increase in VO .̂ Researchers such as Bernard 
(1996) have demonstrated VOj can be predicted from HR. Predicted minute 
by minute VOj values can be combined with a kcal value representative of a
mixed diet (RER 0.85 = 4.862 kcal/LOj). Predicted VOj multiplied by a 
kcal/LOj value, w ill generate an estimated kcalmin^ value. Actual kcals 
values are commonly measured by indirect calorimetry. A metabolic system  
w ill measure the amount of oxygen consumed (VO 2 ) and carbon dioxide 
produced (VCOj). The VCO 2  /V O 2  ratio is the RER measure. Oxygen 
consumption and RER are measured by the metabolic system, establishing a 
measured (actual) kcal min’̂  value.
For over ninety years, researchers have been studying and developing  
methods to utilize the H R /V O 2  relationship for the purpose of estimating EE. 
One such method is minute by minute heart rate monitoring (HRM). This 
method establishes a H R /V O 2  linear regression equation from a specific 
activity, in a laboratory setting. Heart rates are recorded every minute for the 
duration of a specific field activity, and then integrated into the regression 
equation to estimate a VO 2  value.
Today, there are numerous heart rate monitors available which continuously 
record and store HR values at various intervals and durations. These devices 
have demonstrated success recording HR in the field (Gretebeck, 1991). For 
the purpose of this study a heart rate monitor with the capacity to record HR 
every 60 seconds for over 66 hours w ill be used. Heart rate monitoring 
requires the subject to wear a thin chest strap containing electrodes which  
detect the pulse (bpm). A wrist watch is worn in order to record and store HR
values. This device is small and unobtrusive. With the use of heart rate 
monitors, HR is easily recorded in the field without interfering with the 
subject's normal working routine.
One population which could benefit from the simplicity of minute by minute 
HRM is the community of w ildland firefighters. The dem anding work of 
wildland firefighting has been compared to the rigors of war, and firefighters 
referred to as "the armies of summer" (Thoele, 1995). Minimal fitness 
standards have been established for the wildland firefighter to ensure safe and 
effective job performance (Sharkey, 1981; 1994). Sharkey (1981) states that the 
task specific tests used to establish fitness capacity may not be representative of 
an entire work day. Therefore, as duration of work increases, the ability to 
perform may differ from the performance abilities measured by the work task 
tests. The average wildland fire could potentially persist for several days or 
weeks. Implementing minute by minute HRM for a full work day or 
multiple days, may provide valuable information regarding the accumulative 
energy demands required of a wildland firefighter. In order to maintain 
energy balance, it is necessary to match any increase in energy demands with 
adequate nutritional resources. Estimating EE in the field w ill help establish 
nutritional recommendations for the w ildland firefighter.
Energy balance is described by the equation:
energy in - energy out = A body energy (Acheson et al., 1980)
A state of negative energy balance has the potential to inflict adverse affects 
on any type of physical performance. Adequate nutritional intake is 
imperative for maintaining a state of energy balance. An individual who is 
in a state of energy balance may be more capable of sustaining arduous 
physical activity. In the case of a wildland firefighter, a state of energy balance 
may help avoid decreases in work performance, enhance recovery between  
shifts, and decrease the risk for injury.
Problem:
The purpose of this study was to estimate upper and lower body EE with 
minute by minute HRM for comparison with actual upper and lower body 
field EE measured by indirect calorimetry. Results w ill help determine the 
efficacy of minute by minute HRM for UB and LB field exercise when  
individual, activity specific regression equations are used. Results w ill also 
help define any possible limitations associated with this technique.
Hypothesis One:
There w ill be no significant difference and a positive correlation between  
estimated and measured lower body energy expenditure regardless of testing 
order or gender.
Hypothesis Two:
There w ill be no significant difference and a positive correlation between  
estimated and measured upper body energy expenditure regardless of testing 
order or gender.
Hypothesis Three:
There w ill be no significant difference and a positive correlation between  
estimated and measured total body (UB+LB) energy expenditure regardless of 
testing order or gender.
Justification:
The HR/VOg relationship exists for arm as w ell as leg exercise, however the 
slope and intercepts of the linear regression equations w ill be different for the 
two modes of exercise (Sadayoshi and Horvath, 1987). It has been suggested in 
the literature that activity specific prediction equations w ill yield  the most 
accurate estimation of EE (Booynes et al., 1960; Spun* et al., 1988). Using lab 
simulated tasks for fire line construction and hiking, prediction equations are 
created to depict the HR/VO^ and HR/RER relationships characteristic of the 
actual (field) HR/ VOg and HR/RER relationships. To avoid the large source 
of error associated with group average generated equations (Kalkwarf et al.,
1989), individual, linear prediction equations w ill be established with each 
subject's minute by minute HR/VO^and HR/RER lab data.
In a pilot study, conducted in the University of Montana's Human 
Performance Laboratory (Tysk et aL, 1997), estimated EE was compared with 
actual EE during a field hike. Activity specific, individual prediction 
equations were used to generate the estimated EE. The same method w ill be 
used for this study. N o significant differences (p=0.41) were reported between 
estimated and actual EE (11.04±1.99 and 11.31±2.15 kcals/m in respectively). A  
sim ple regression analysis demonstrated a significant positive correlation 
between estimated and actual EE (r=0.89, p=0.0006). Although these data 
include only lower body exercise, investigators have found the HR/VOg 
relationship to exist for upper body exercise as well (McArdle et al., 1971; 
Sadayoshi and Horvath, 1987). Therefore, there exists equal potential for 
success with upper body as well as lower body EE estimation, as long as the 
laboratory task mimics the field exercise.
Sedlock et al. (1989) observed two different phases of EPOC following exercise. 
The first phase, known as the rapid recovery phase, was responsible for the 
largest caloric contribution from EPOC. This phase occurred within the first 
5-7 min. postexercise. Although the slow recovery phase continued for a 
longer duration, the magnitude of EPOC during this time was not great 
enough to contribute any practical significance to caloric expenditure. For this 
study, all subjects were required to rest for 5 minutes between exercise bouts, 
thereby avoiding the rapid phase of recovery during the second exercise trial. 
During the slow phase of recovery, EPOC will not be great enough to
significantly affect the accuracy of the prediction equations regardless of 
testing order.
Significance of the Study:
Heart rate monitoring (HRM) has been established as an effective technique 
to estimate 24 hr EE in groups (Spurr et al., 1988; Kalkwarfe aL, 1989; 
Livingstone et al., 1990). In this study, minute by minute HRM was used to 
estimate field EE during specific tasks (hiking and fire line construction). The 
information gathered will examine the practicality of using this technique in 
the field to estimate EE for LB as w ell as UB activities. An effective method 
for estimating EE during arduous field activities may help professionals 
provide adequate nutritional advice for populations such as wildland  
firefighters. Without a balanced nutritional intake, bone health and /or  
immune system  functions could be affected.
Rationale for the Study:
This study will contribute to past research which has already validated HRM 
against other methods of EE estimation such as whole body indirect 
calorimetry (Spurr et al., 1988) and doubly labeled water (Livingstone et al.,
1990). This study w ill investigate the accuracy of utilizing prediction 
equations specific to upper and lower body tasks associated with wildland  
firefighting. To ensure firefighters are in energy balance, it is necessary to 
quantify the amount of energy an individual expends during a typical work
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shift. In order to accomplish this, an effective and practical technique for field 
EE estimation must be established. The results from this study w ill help 
determine if minute by minute HRM is an appropriate field technique for 
assessing EE in the wildland firefighter. Accurate estimates of EE w ill help set 
dietary intake requirements for the firefighter. This is necessary to avoid  
decreases in work performance and increased risk of injury, as w ell as 
enhance recovery between work shifts and fires.
Limitations:
i. Physical capacity of the subjects: The subjects w ill have varying
physical capacities and fitness levels, but w ill have a VOj peak ^ 40 
mLkg^min^
ii. N on randomized sample: Subjects w ill not be randomly 
selected. All subjects w ill be acquired on a volunteer basis.
iii. Instrumentation: There is inherent error in all instrumentation. This 
error w ill be minimized by using the same trained testers to calibrate 
all equipment and administer testing.
iv . Fire line hand tool experience: It is anticipated most subjects w ill have 
little or no experience with a pulaski tool. To minimize effects this
may have on efficiency, each subject w ill be allowed the opportunity to 
practice with the tool on the simulated digging treadmill.
Delim itations:
i. Type of subjects: No restrictions w ill be made on gender or age, but 
subjects must obtain a minimum VOj peak of 40 mL%^min \
ii. Specific intensity levels: Specific intensities for the lab simulated dig  
and hike trial w ill be used so subjects exercise for continuous 
incremental stages, while allowing for steady state to be achieved at 
each stage. The steady state values for each trial w ill be used to 
generate a linear regression equation for each activity.
iii. Specific exercise modes: Hiking and line construction activities w ill be 
used because they are common wildland firefighter tasks.
D efin ition  of Terms:
Respiratory Exchange Ratio (RER): The ratio of VCO, expired to VOj 
consumed. A RER value of 0.71 indicates 100% fat oxidation. A RER of 1.00 
indicates 100% carbohydrate oxidation. For any given RER measure there is a 
corresponding kcal/L  value which is determined by the mix of 
carbohydrate and fat metabolized.
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VOg: Amount of oxygen consumed (Lmin^).
VOj Peak: The maximal amount of oxygen consumed during a specific mode 
of exercise.
Flex HR: A  HR value which is the average of the highest sedentary HR
(bpm) and lowest active HR (bpm).
Mean daily HR: A  HR value averaged over 24 hr. (or other specified time 
period). That HR value is then integrated into a regression equation to 
estimate a daily energy expenditure.
Calibration Procedures: Establishing the HR/VO^ relationship for a specific 
activity in a laboratory setting. A linear regression equation is developed by 
measuring HR and VOj during a lab activity similar to the activity being 
measured in the field. Heart rates from the field activity, are then integrated 
into the equation to estimate field EE.
EPOC: Excess post exercise oxygen consumption. A maintained elevated V 02  
after cessation of exercise.
Energy Expenditure (EE): Is comprised of resting metabolic rate, thermogenic 
effect of food consumption, and caloric expenditure during physical activity.
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Pulaski: Hand tool used by wildland firefighters for line construction.
Basal M etabolic Rate (BMR): Minimum energy expenditure required for 
biological reactions.
Chapter Two: Review  of Literature 
Energy Expenditure in  W ildland Firefighters
Due to the extreme physical demands of wildland firefighting, past research 
has attempted to establish minimal fitness requirements to assure 
individuals are able to perform the job in a safe and effective manner 
(Sharkey, 1981). As of the 1998 fire season, firefighters are required to 
perform a 3 mile pack test in ^ 45 minutes.
Quantifying the energy expenditure from a full work shift would supply 
information to the US Forest Service describing the physical demands of 
wildland firefighting. Blake and Sharkey (1965) conducted a pilot study on an 
actual fire line. Oxygen consumption measurements were taken on two 
firefighters. The average energy expenditure was determined to be 5.2 
kcal/m in. for a one hour work period. If this value were extrapolated to a full 
8 hr work day, EE could approach -2500 kcals/8 hr. Traversing difficult 
terrain resulted in values ranging from 5.3 to 9.4 kcals/m in. Ruby et al. (1997) 
used the DLW technique for a 5-7 day period to estimate total energy 
expenditure (TEE). Measurements from 3 females and 2 males resulted in  
TEE values ranging from 3021 to 4973 k ca l/24 hr. The subject with the highest 
measured kcal expenditure (4973) was working at 3.12 times their basal 
metabolic rate (BMR). Burks et al. (1997) used minute by minute HRM to 
estimate EE in wildland firefighters during a 13.5 hr. shift. Four males and
12
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four females were tested. Within the eight subjects, kcals expenditure ranged 
from 1868 to 5506 kcals / 13.5 hrs. Results from these studies demonstrate that 
wildland firefighting can be arduous work.
Estimating energy expenditure w ith  minute by m inute heart rate monitoring 
There have been numerous studies which have attempted to estimate EE 
with minute by minute HRM. Of the reviewed literature, the majority of 
research has attempted to determine total daily EE (TDEE) from continuous 24 
hr HRM. For the purpose of this study, the application of 24 hr HRM will not 
directly apply. However, throughout the literature, regardless of research 
design, a few  concepts regarding the accuracy, validity and reliability of HRM 
continue to surface. Some common results and suggestions from past 
research are: minute by minute HRM may be valid for use with groups (Spurr 
et al., 1988; Livingstone et al., 1990; Lovelady et al., 1993); prediction equations 
are most accurate when calibrated with a specific activity (Spurr et al., 1988; 
McArdle et al., 1971; Reybrouck et al., 1975); individual prediction equations 
provide better EE estimates compared to equations derived from group 
averaged data (Booyens et aL, 1960; Li et al., 1993; Bernard et al., 1996 Kalkwarf 
et al., 1989).
Validation of minute by minute heart rate monitoring:
It is known that the H R /V 0 2  linear relationship demonstrates different 
slopes or intercepts during low  intensity exercise and moderate to high
14
intensity exercise (Booyens et aL, 1960; Li et aL, 1993). To circumvent the 
problem of different HR/VOj relationships for low  and high intensity 
activity, a two regression equation approach was adopted, and designated the 
flex HR method. This method establishes two different prediction equations, 
one from rest/low  intensity activities, and a second equation from high 
intensity exercise. The flex HR is the average of the highest resting/low  
intensity HR and the lowest high intensity HR. The flex HR value acts as a 
breakpoint between the two prediction equations. If a recorded HR falls above 
the flex HR, the high intensity prediction equation is used. If a recorded HR 
value falls below  the flex HR, the rest/low  intensity prediction equation is 
used. Investigators such as Lovelady et al. (1993) and Spurr et al. (1988) have 
had success estimating EE for groups of individuals with minute by minute 
HRM using the Flex HR technique Spurr et al. (1988) conducted a study 
using the flex HR method, which estimated 22 hr. EE while subjects remained 
in a calorimeter. While in the calorimeter, subjects were required to either 
engage in no exercise, or one of four different activity specific protocols.
Spurr found no significant differences between HRM and indirect calorimetry 
for any of the testing protocols. Spurr noted that the reason HRM closely 
estimated the exercise protocols was because similar exercises were used to 
establish the prediction equations. Spurr stated that more studies were 
needed to examine HRM using different modes of exercise.
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Lovelady et al. (1993) used the flex HR method for comparison with DLW 
TDEE measures taken over 8 days. Total daily EE values for the two methods 
were not significantly different (DLW=12.36±1.03; HRM=11.74±1.3 M j/d). 
However, individual differences ranged from -21.1 to +17.6 %. Lovelady 
concluded that there is potential for large individual differences with this 
technique, and therefore does not recommend this technique for estimating 
EE for individuals. However, the data does support use of this technique for 
estimating EE for groups.
Livingstone et al. (1990), compared 2-4 days of minute by minute HRM to a 15 
day EE measure from doubly labeled water (DLW), in 14 free living subjects. 
Energy expenditure for HR values below the flex HR were calculated as 
resting metabolic rate. Heart rates above the flex HR derived EE by integrating 
the minute by minute HR values into the individual's prediction equation to 
obtain the corresponding VOg. There were no significant group EE differences
between HRM and DLW (12.99+3.83 MJ/day and 12.89+3.80 MJ/day).
Although minute by minute HRM has been validated against DLW 
(Livingstone et al., 1990) and indirect calorimetry (Spurr et al., 1988), day to 
day reproducibility of the flex HR value is potentially a large source of error 
with this method. McCrory et al. (1997) examined the between-day and 
within-day variability of estimating EE from HRM. Twelve subjects were 
calibrated at two morning and two afternoon sessions, for sedentary and
16
walking activities. It was found that with most subjects, HR was more 
variable then VOg. Any intraindividual variability in EE was positively  
correlated with intraindividual variability of the flex HR (r=0,59-0.80, 
p=0.0005-0.05). Significant within-day but not between-day differences were 
found for sitting and supine activities. N o significant within-day or between- 
day differences were found for any other calibration activity.
Another approach to minute by minute HRM is the use of a 24 hr mean HR. 
This method integrates a 24 hr (or other specified time period) averaged HR 
value into a prediction equation, estimating the average daily VO .̂ The 
mean HR value is thought to represent the 'average' level of activity an 
individual experiences throughout the course of the day, and therefore 
representative of the average daily EE.
Some investigators using a mean HR value from minute by minute HRM 
during daily activities, have had unfavorable results predicting EE. Dauncey 
and James (1979), measured heat production (HP) in 8 subjects living in a 
whole body calorimeter for 27 hr while carrying out normal daily activities. 
Energy expenditure was predicted by integrating a mean 24 hr HR value into a 
linear prediction equation, and compared with values obtained in the 
calorimeter. Large percent differences were reported, especially at night 
(-66±38.6%), and it was concluded that this method was not accurate for 
estimating 24 hr EE in individuals.
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Christensen et al. (1983), examined the accuracy of estimating EE from a mean 
daily HR and individual prediction equations, in 17 subjects. HR/VO^ 
regression equations were established on two consecutive days. Results 
demonstrated a high correlation coefficient (n=17, r=0.802 to 0.996) for the 
HR/VOg relationship. However, large differences in the slopes and intercepts 
of the regression equations between days, led to large differences in EE 
estimates. It was concluded that large variations in HR, independent of VOg, 
is considerable at low  levels of activity. This makes it inappropriate to apply 
this technique to populations which w ill have a mean HR value close to a 
rest/sedentary activity level.
Activity specific regression equations
The HR/VOg relationship w ill differ with respect to changes in posture as 
well as incorporating a different muscle mass. Dissimilar HR/VOg 
relationships can be accounted for with the use of activity specific calibration 
procedures. Spun* et al. (1988) stated that the accuracy of HRM to estimate EE 
is partially due to calibration exercises which are similar to the measured 
activities. McArdle et al. (1975) compared metabolic and cardiorespiratory 
response for upper body exercise (swimming) and lower body exercise 
(treadmill walk). Subjects completed 4 or 5 exercise stages for each of the walk  
and sw im  trials. Results found a linear relationship for both activities, 
although the regression line was shifted to the right for the sw im  trial. 
Although this study shows a linear relationship for an upper and lower body
18
activity, it also demonstrates the need for activity specific regression equations 
due to use of different muscle mass as well as changes in posture.
Sadayoshi and Horvath (1987), examined metabolic response to exercise 
performed on a bicycle ergometer and an upper body ergometer. At similar 
levels of VOg, above 0.45 1/min, HR was higher during arm exercise for a 
given VOg. The linear relationship was evident between HR and VO  ̂ for 
both m odes of exercise, but arm exercise produced a much steeper slope 
compared to leg exercise. Due to differing slopes between the two modes, it is 
evident different HR/VOg relationships exist for different activities.
In div idual regression equations
Kalkwarf et al. (1989) found the error in EE estimation from group averaged 
data to be twice as high as estimates from individual prediction equations. 
Differences between the reference value and estimated values when  
individual and group equations were used were 112±376 and 223±504 
kcals/day, respectively. This study supports the use of individual prediction 
equations to estimate group EE.
Li et al. (1993) implemented minute-by-minute HRM in 40 female workers to 
investigate possible inter- and intraindividual variation w ith this technique. 
Group and individual prediction equations were used. Differences between  
estimated and actual EE for group and individual equations were -221±1336
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and -50±785 kJ/16 hr, respectively. Li concluded that individual calibration 
procedures provide more accurate estimates than results from group 
averaged prediction equations.
In a pilot study conducted at the University of Montana's Human  
Performance Laboratory (Tysk et al., 1997), HRM was used to estimate EE 
during field hiking. Within subject comparisons were made between  
estimated and actual EE and no significant differences were found. 
Comparisons show ed a significant positive correlation between actual and 
estimated EE (r=0.89, p=0.0006). These results suggest when individual, 
activity specific regression equations are implemented, EE can be accurately 
estimated from minute-by-minute HRM during a single, yet similar field 
trial.
Excess postexercise oxygen consumption
Excess postexercise oxygen consumption (EPOC) is a maintained elevated VO2  
after cessation of exercise. Various factors such as exercise intensity, duration 
and mode of exercise may influence the duration and magnitude of EPOC.
This elevated metabolic rate, postexercise, can create an additional caloric 
expenditure above that which occurs at the preexercise metabolic rate.
Gaesser and Brooks compiled a review article on EPOC. In this review, the 
authors describe two phases of recovery, a rapid and slow  phase. The authors
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suggest that both phases may be influenced by the same mechanisms such as; 
concentrations of ADP, ATP, Pi, and CP, catecholamines, and muscle and core 
temperatures. Recovery during the rapid phase is exponential and can be 
complete w ithin minutes depending on the intensity of the exercise. The 
slow  phase of recovery is also dependent on the intensity and duration of 
exercise. Sedlock et al. (1989) examined the effect of two different exercise 
intensities of equal caloric expenditure, on the magnitude (kcal) of EPOC. 
Three protocols were used, high intensity-short duration (HS), low  intensity- 
long duration (LL), and low  intensity-short duration (LS). Results 
determined that exercise intensity affected both the magnitude and duration 
of EPOC, but exercise duration affected only the duration of EPOC. All three 
protocols demonstrated an end of the rapid phase of recovery within 5-7 min 
postexercise. Duration of the slow phase of recovery was longer during the LL 
trial compared to the LS trial (28±14 min; and 20±5 min) respectively, but 
differences in caloric expenditure between the LL and LS trial had no practical 
significance (LS=14±6 kcals; LL=12±7 kcals).
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Table 2.1 Summary of Minute by Minute Heart Rate Monitoring Studies
References Subjects Design Results Conclusions
Spurr et. al., 
1988
n= 16 males 
n=6 females
TDEE and EAC (4 exercise protocols) 
estimated by HRM (flex HR) compared 
with whole body indirect calorimetry
No significant difference between 
the two methods for TDEE or EAC 
in any sex or protocol groupings
HRM can be used to closely 
estimate TDEE and EAC for 
small groups
Livingstone et al., 
1990
n=9 maies 
n=5 females
TDEE measured for 15 days by DLW 
compared with 2-4 separate days of 
HRM (flex HR) measures
Ave. HRM TDEE values 
(12.99±3.83 Mj/day) 
Ave. DLW TDEE values 
(12.89±3.80 Mj/day)
Hex HRM method provides 
accurate estimation of TDEE 
of groups
Kalkwarf et al., 
1989
n= 12 females EE estimated by HRM (single line and 
flex HR) compared with changes in 
body energy stores as a reference
Difference from reference (Hex HR): 
(112±376 kcals/day) individual eq. 
(223±504 kcals/day) group eq
EE of groups can be estimated 
HRM within 4% of reference 
Error from group eq. twice as 
high as individual eq.
Booynes et. al., 
1960
n=4 males 
n=2 females
Eq. were established for all subjects 
for 3 sedentary and 3 moderate activities. 
HRM values were compared with measured 
values
Calibration points from moderate 
activities lay in straight line, 
sedentary points could not establish 
straight line with same confidence
Variability of HR during 
quiet activities prevents use of 
HRM for such activities. HRM 
valid for moderate activities
Li et al., 
1993
n=40 females Individual and group logistic eq. established 
from 16 different activities to estimate 16 hr 
TDEE
Difference between estimated and actual Estimated EE from group eq. 
EE for group eq. (-221± 1336) is inferior to individual eq. 
and individual eq. (-50±785) kJ/16 hr
KEY: TDEE - total daily energy expenditure; HRM - heart rate monitoring; EAC - energy expended in activity; DLW - doubly labeled water; 
HP - heat production; EE - energy expenditure; eq - equation
Chapter Three: M ethodology
Subjects:
The subjects for this investigation included seven males and six females. All 
subjects completed a health history, exercise habits questionnaire and a 
University IRB approved informed consent form. As determined by the 
exercise history and health questionnaire, all subjects were young, healthy, 
active individuals, (age 22.5 ± 2.0 yrs.). A VO  ̂peak ^ 40 m l/k g /m in  was 
attained by all subjects with the exception of one individual who stopped 
exercise prior to exhaustion due to leg cramps. This subject was not 
eliminated from the study because VOj peak was measured for descriptive 
purposes only, and did not have any influence on the testing protocol.
Setting:
Treadmill trials for simulated hiking and line construction (dig) were 
conducted at the University of Montana's Human Performance Laboratory, 
McGill Hall, Room 121. All hiking trials for lower body field energy 
expenditure measures were conducted on Mt. Sentinel, Missoula, MT. The 
hike was approximately 1.21 km in length, comprised of a mixed dirt/rock  
terrain with switch backs of variable grades (-8-17%). The two line 
construction trials for upper body field energy expenditure measures were 
conducted in two different areas; an area adjacent to the Kim Williams trail, 
and on the Mt. Sentinel fire road. Both testing sites were level terrain of a 
mixed d irt/ rock composition.
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TABLE 3.1
Exercise (laboratory and field) Testing Sequence:
1) Descriptive measurements - body composition, height, and weight
2) 16 minute multi stage simulated hike continuing to exhaustion for 
peak VOg measurement
3) 13-19 minute - intermittent simulated dig trial: 3-5 minutes work - 2 
minutes rest (3 work loads)
4) * Field testing - Day 1: 6 minute dig trial, minimum 5 minute seated 
rest, 1.12 km hike
5) * Field testing - Day 2: 1.12 km hike, minimum 5 minute seated rest, 6 
minute d ig trial
* order of field testing was randomly assigned for each subject
Descriptive Data:
Descriptive information collected on each subject included height, weight, 
age, body composition and VO  ̂ peak. Weight for all subjects was measured 
on the same calibrated, digital scale (Toledo Model 8139, Worthington, OH). 
Body composition was determined by a three site skin fold technique. The 
Jackson and Pollack (1978, 1980) equations were used to determine body 
density. Age and gender specific equations (Lohman, 1992) were used in the 
conversion of body density into percent body fat.
Exercise Testing:
A portable metabolic unit (KBl-C Aerosport, inc.) was used to analyze expired 
air samples and obtain metabolic data (RER and VOj (Lmin*^) for all lab cind 
field trials. Metabolic data was recorded in 20 second intervals for all trials. 
The metabolic unit was equipped with a m edium  flow  pneumotach (10-120
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Lmin"^) and calibrated with known gas concentrations before each test. 
Volume was calibrated with a 3.0 liter syringe as indicated by KBl-C 
Operator's Manual. Heart rates during lab trials were monitored and 
manually recorded every minute using a chest strap heart rate monitor 
(Polar, Port Washington, NY.). Heart rates during field trials were recorded 
every minute and maintained in memory by the Polar Accurex Plus HRM. 
The Quinton treadmill (Seattle, WA) and simulated digging treadmill were 
used to conduct the laboratory simulated hike and dig trials respectively. 
Subjects were dressed in hiking boots, pants, shirt, pulaski tool and 25 lb. pack. 
Subjects were instructed to wear the same attire for all trials. All subjects 
were normally hydrated but observed a 4 hour fast prior to any testing. 
Subjects were asked to refrain from exercise within 12 hours of testing.
Lab Testing:
Treadmill S im ulated Hike Trial:
All subjects began testing with the treadmill simulated hike. The hike 
protocol consisted of four stages. Subjects exercised at each stage until steady 
state was achieved, a duration of 4-5 minutes. It was determined steady state 
had been achieved for a particular stage when similar VO  ̂ values were 
observed and recorded HR values were ^ 5 bpm of the previous minute. The 
hike protocol was designed to approximate the % grade and work intensity 
which subjects would experience during the field hike. The protocol is 
outlined in Table 3.2.
26
TABLE 3.2
Treadmill Simulated Hike Protocol
Stage Speed (mph) Grade
<%)
#1 2.0 4.0
#2 2.5 8.0
#3 3.0 12.0
#4 3.0 or 3.5 16.0
The portable KBl-C metabolic system was used continuously for the duration 
of the trial to measure RER and VOj (L min ̂ ). Heart rates were recorded every 
minute. Heart rate, RER and VOg (L min'O values obtained from the simulated 
hike were used to estimate lower body energy expenditure during field trials 
(see Estim ating Energy Expenditure). Following the simulated hike trial, all 
subjects were given the opportunity to practice on the pulaski treadmill in 
order to familiarize themselves w ith the apparatus prior to the simulated dig 
trial.
V O 2 Peak Test
Immediately upon completion of the treadmill hike protocol, and while still 
breathing into the KBl-C metabolic system, subjects were relieved of the pack 
and pulaski tool and told to continue w alking/running until exhaustion.
The treadmill grade was maintained at 16%, and speed was increased 0.5 mph 
every minute until exhaustion. At the point of volitional exhaustion, the 
last three recorded VOj values were averaged to determine VOj peak.
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Pulaski Simulated D ig Trial:
The pulaski treadmill protocol consisted of three stages of increasing work 
cadence. Subjects worked at each stage until steady state was achieved, a 
duration of 3-5 minutes. It was determined steady state was attained when  
similar VOj values were observed, and recorded HR values were ^ 5 bpm of 
the previous minute. For the purposes of this study, cadences used in the 
simulated dig trial mimicked cadences used in a pilot study conducted on 
wildland firefighters by the University of Montana's Human Performance 
Laboratory (summer 1997). The cadence was maintained by use of the Franz 
electric metronome (N ew  Haven, Conn.). All subjects were given a 2 minute 
rest between work bouts. Heart rate, RER and VOg values obtained from the 
simulated dig trial were used to estimate upper body energy expenditure 
during field trials (see Estimating Energy Expenditure).
Estim ating Energy Expenditure:
During the simulated hike and simulated dig trials, VOj (L min'O and RER 
were measured from indirect calorimetry and plotted against lab HR's (bpm) 
to develop two linear regression equations. One equation established the 
subject's HR/VOg relationship, and the second equation established the 
subject's HR/RER relationship. A spreadsheet (Microsoft Excel 6.0) was used  
to integrate the upper and lower body linear regression equations with the 
appropriate upper or lower body field HR's (bpm). The regression equations 
estimated minute by minute VO 2  (L min )̂ based on the H R/VO 2  linear
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relationship, as w ell as estimating minute by minute RER based on the 
HR/RER linear relationship. Using the estimated minute RER values in 
reference to the Zuntz (1901) table, the appropriate kcal value for a given RER 
was m ultiplied with the corresponding estimated minute VO  ̂ value. The 
result was a minute by minute estimate of energy expenditure (kcal min*') 
during field trials. The linear regression equations were specific for each 
subject, resulting in an individually calibrated estimation of energy 
expenditure derived from minute by minute HR monitoring.
M ethodology to Determine Estimated Energy Expenditure
1) Using lab data (HR, VO ,̂ RER) Lower body and upper body linear
regression equations were established for HR/VOj and HR/RER.
2) Field hike HR's and field dig HR's were integrated into the HR/VOj
regression equations (y=mx+b) to estimate minute by minute VOj.
3) Field hike HR's and field dig HR's were integrated into the HR/RER
regression equations (y-m x+b) to estimate minute by minute RER.
4) Use estimated RER values in reference to Zuntz table (1901) to 
determine kcal/L  Oj
5) (VO2  estimated) ( kcal/L Oj) = Kcalmin*' estimate
6) Separate field trial data into three components (upper body, lower 
body, combined upper and lower body) for data analysis.
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Pulaski - V 02 Treadmill - RER
y = O.OlTx - 0.947 
r = 0.995
c
0 . 9  -
0.8
oc o oCN c
y = 0.002X + 0.587 r = 0.973
0 . 9 5 -
0 . 8 5 -
0.75
cooc o
HR (bpm) HR (bpm)
Field Testing:
The order of field testing (hike followed by dig, or dig followed hike) was 
randomly assigned to each subject. Trial #1 refers to the dig followed by the 
hike. Trial #2 refers to the hike followed by the dig. The dig trial was 6 
minutes in duration. The subjects were instructed to dig at a self selected pace 
but to remain below the highest HR obtained during the simulated dig trial. 
The hike trial was a 1.12 km hike up Mt. Sentinel. Subjects were instructed to 
hike at their own pace but to remain below the highest HR value recorded 
during the simulated hike trial. Heart rates were monitored and stored 
electronically in the HR monitor's memory every 60 seconds. On a second 
day of testing the same procedure was followed as described above, however, 
the testing order was reversed (hike/ dig vs. dig/hike). Regardless of testing 
order, all subjects were given a 5 minute seated rest between the hike and dig 
trials. For all field trials, VO2 and RER were measured by gas analysis from
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the KBl-C metabolic unit. Upper and lower body field HR's were integrated 
into the upper and lower body linear regression equations to estimate energy 
expenditure. Actual energy expenditure for all field trials was measured by 
indirect calorimetry.
Research D esign  and Statistical Procedures:
This study analyzed and compared estimated to actual energy expenditure by 
examining the following variables; total kcals, kcals/m in, V 02 and RER for 
upper (UB) and lower body (LB) components independently and combined 
(UB+LB). Descriptive statistics were reported as mean ± standard deviation 
(SO). Simple regression analyses determined the correlation between  
estimated and actual energy expenditure (total kcals and kcals/m in) for all 
three components (UB, LB, (UB+LB)). A one within, one between repeated 
measures ANOVA compared estimated energy expenditure with actual 
energy expenditure for all variables and any possible gender interaction. 
Delta (difference between actual and estimated EE values) measures were 
analyzed by a one within, one between repeated measures ANOVA, to 
determine trial variability due to testing order.
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Variables o f  Interest: M ain Effect for  Measure, Gender, Measure*Gender
for all test segments (UB, LB, (UB+LB))
TABLE 3.3 
Variables of interest
COMPONENT DEPENDENT
VARIABLES
Upper Body Total kcals
Upper Body kcals/ min
Upper Body V 02
Upper Body RER
Lower Body Total kcals
Lower Body kcals/ min
Lower Body V 02
Lower Body RER
Combined (UB+LB) Total kcals
Combined (UB+LB) kcals/min
Field data was segmented into three data sets (UB, LB, (UB+LB)), therefore, 
some variables were dependent on one another. The independent UB and 
independent LB data sets were dependent on the (UB+LB) data sets, and vice 
versa. Therefore, it was determined that the four UB variables and the four 
LB variables were each dependent on the two (UB+LB) variables for a total of 
six interacting measurements. To adjust for multiple analyses performed on 
the same data set, a Bonferoni adjustment was used oc = (0.05/6=0.008), to 
limit the occurance of type I errors.
Delta (estimated-actual)
Delta (A) was calculated as the difference between the estimated and actual 
energy expenditure (total kcals and kcals/m in) for all three testing
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components (UB, LB, (UB+LB)) for trails #1 and #2. The difference was 
calculated by subtracting actual values from estimated values. The two A 
values (total kcals and kcals/m in) for trial #1 (dig/hike) and the two A values 
(total kcals and kcals/m in) for trial #2 (hike/dig) were analyzed for possible 
significance by a one-within one-between ANOVA. Analysis was conducted 
to determine if one exercise mode affected the prediction of EE during the 
second field exercise trial.
Variables o f  Interest: A M ain Effect for Measure, Gender, Measure*Gender 
TABLE 3.4
Component Dependent
Variables
Upper Body Total kcals
Upper Body kcals/min
Lower Body Total kcals
Lower Body kcals/ min
Combined (UB+LB) Total kcals
Combined (UB+LB) Kcals/min
The two independent UB and two independent LB measures were dependent 
on the two (UB+LB) measures. Therefore, a Bonferoni adjustment 
(0.05/4=0.0125) was used for analyzing all A data sets, to limit the occurance of 
type I errors.
Chapter Foun Results
Descriptive Data
Thirteen subjects volunteered for this investigation, seven males and six 
females (one female discontinued testing due to a back injury). Significant 
differences between male and female subjects were found for height, weight, 
and percent body fat. All descriptive data is recorded in Table 4.1.
TABLE 4.1 Subject Descriptive Data (n=13; mean ± SD)
Males Females Combined
Age (yrs) 23.3 ± 2.4 21.5 ± 0.8 22.5 ± 2.0
Height (in) 71.1 ±3.4 66.3 ± 3.0 * 68.9 ±4.0
W eight (kg) 78.1 ±9.0 61.1 ± 7.2 * 70.3 ± 12.5
Percent body fat 10.0 ± 1.9 17.2 ± 3.0 * 13.6 ± 3.7
Fat free mass (lbs) 155.2±20.9 111.1±9.9 * 133.1±27.8
Fat body mass (lbs) 17.2 ± 3.2 23.5 ±6.7 20.3 ±6.0
VOj Peak 46.7 ± 5.9 43.2 ± 3.5 45.0 ± 5.0
* = Significant difference p<0.05 vs. males
Each subject completed two trials. Testing for trials #1 and #2 were conducted 
on two separate occasions. Trial #1 (dig/hike) consisted of six minutes of 
digging, a five minute rest period followed by the 1.12 km hike up Mt.
Sentinel (15.9 min ± 2.3). Trial #2 (hike/dig) consisted of the hike up Mt. 
Sentinel (16.2 min ± 1.3), a five minute rest period followed by six minutes of 
digging. Testing order (#1/ #2 vs. #2 / #1) was alternated between each subject. 
Results are presented for trial #1 and #2 separately. Each trial's data is
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separated into three different testing segments (upper body, lower body, 
combined (UB+LB)). Results for each segment are organized in such a way as 
to show main effect for measure, gender, and interaction of measure by 
gender.
Main Effect for Measure
Due to the Bonferoni adjustment, significance was set at p<0.008 (0.05/6 = 
0.008).
TABLE 4.2 Trial #1 Upper Body - Estimated EE vs. Actual EE 
Variable Estimated Actual p
Total kcals 
kcals/m in  
VO 2  (L min*̂ > 
RER
27.09 ± 8.66 
4.51 ± 1.45 
0.92 ± 0.29 
0.88 ± 0.09
37.97± 8.07 * 
6.33 ± 1.34 * 
1.31 ± 0.30 * 
0.92 ± 0.10
0.0015
0.0015
0.0001
0.1126
*= significant difference p<0.008 vs. estimated
TABLE 4.3 Trial #2 Upper Body - Estimated EE vs. Actual EE 
Variable Estimated Actual P
Total kcals 33.63 ± 7.50 37.97+ 8.43 0.0857
kcals/m in 5.61 ± 1.25 6.33 ± 1.41 0.0857
VO 2  (L min' )̂ 1.14 ± 0.26 1.34 + 0.29 0.0231
RER 0.92 ± 0.07 0.73 + 0.07 * 0.0001
Significant difference p<0.008 vs. estimated
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These results demonstrate inconsistencies in the UB prediction equation's 
ability to accurately estimate EE. During trial #1, when the UB trial was 
performed without preceding LB exercise, the actual values (total kcals, 
kcals/ min, VO^) were significantly higher compared to estimated values. 
There were no significant differences between estimated and actual total kcals, 
kcals/m in  and VO 2  for trial #2. There were no significant differences in UB 
RER for trial #1, but a significant overestimation of RER in trial #2.
TABLE 4.4 Trial #1 Lower Body - Estimated EE vs. Actual EE 
Variable Estimated Actual
Total kcals 163.13 ± 31.91 166.22 ± 31.45 0.6119
k cals/m in 9.53 ± 1.63 9.74 ± 1.88 0.5499
VO 2  (L min' )̂ 2.00 ±  0.30 2.09 ± 0.40 0.0447
RER 0.93 ± 0.07 0.86 ± 0.10 0.2420
% VO 2  peak 
Male: 
Female:
63.44±8.26 t  
67.99±6.92
Time (min) 15.9 ± 2.3 t  male vs. female N S
TABLE 4.5 Trial #2 Lower Body - Estimated EE vs. Actual EE 
Variable Estimated Actual P
Total kcals 166.48 ± 25.91 174.03 ± 30.84 0.0680
kcals/m in 9.77 ± 1.42 10.28 ± 1.82 0.0417
VO 2  (L min ) 1.98 ± 0.29 2.12 ± 0.37 * 0.0059
RER 0.93 ± 0.08 0.84 ± 0.05 * 0.0002
% VO 2  peak 
Male: 
Female:
65.84±6.25 + 
67.99±6.92
Significant difference p<0.008 vs. estimated
t  male vs. female N S
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The consistency of the LB prediction equations found no significant 
differences between estimated and actual EE for either trial #1 or #2, 
demonstrating an accurate estimation for the variables of total kcals and 
kcals/m in. There were no significant differences for LB VO, and RER for trial 
#1. H owever, during VOj was significantly underestimated whereas RER was 
significantly overestimated. Although estimated and actual VOg and RER 
were significantly different during trial #2, the magnitude was not great 
enough to elicit a significant difference between estimated and actual EE 
variables.
TABLE 4.6 Trial #1 (UB + LB) - Estimated EE vs. Actual EE
Variable Estimated Actual P
Total kcals 
kcals/m in
187.73 ± 37.48 
8.59 ±1.24
198.10 ±40.63  
9.14 ± 1.65
0.1394
0.0997
Total Time (min) 21.9 ± 2.3 
*= Significant difference p<0.008 vs. estimated
TABLE 4.7 Trial #2 (UB + LB) - Estimated EE vs. Actual EE 
Variable Estimated Actual P
Total kcals 199.00 ± 30.94 211.98 ± 37.71 0.0260
kcals/m in 8.66 ± 1.26 9.24 ± 1.62 0.0263
Total Time (min) 22.2 ±1.3  
*= Significant difference p<0.008 vs. estimated
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When UB and LB values were combined (UB+LB), representing sequential 
UB and LB exercise, the consistency of the prediction equations resulted in no 
significant differences between estimated and actual total kcals and kcals/m in  
for trial #1 or #2.
TABLE 4.8 Trial #1 Upper Body - Male vs. Female
Variable Male Female P
Total kcals 36.76 ± 8.77 27.61 ± 9.10 0.6369
kcals/m in 6.13 ± 1.46 4.60 ± 1.52 0.0122
VOj (L min ') 1.28 ± 0.31 0.93 ± 0.30 0.0128
RER 0.88 ± 0.09 0.92 ± 0.10 0.4172
*= Significant difference p<0.008 vs. estimated
TABLE 4.9 Trial #2 Upper Body - Male vs. Female
Variable Male Female P
Total kcals 40.40 ± 7.03 30.43 ± 5.76 * 0.0007
kcals/m in 6.73 ± 1.17 5.07 ± 0.96 * 0.0009
VO 2  (L min'̂ ) 1.40 ± 0.26 1.05 ± 0.21 * 0.0006
RER 0.80 ± 0.12 0.85 ± 0.12 0.0515
*= Significant difference p<0.008 vs. males
There were no significant differences in trial #1 for the main effect for gender. 
However, trial #2 demonstrated females were significantly lower in total 
kcals, kcals/m in and VOj.
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TABLE 4.10 Trial #1 Lower Body - M ale vs. Female 
Variable Male Fem ale
Total kcals 182.81 ± 20.39 143.52 ±28.23 0.0111
kcals/m in 10.66 ± 1.57 8.44 ± 1.01 0.0093
VOj (L min") 2.30 ± 0.21 1.74 ± 0.21 * 0.0003
RER 0.87 ± 0.09 0.92 ± 0.08 0.2654
Time (min) 15.6 ± 2.0 16.3 ± 2.7
*= Significant difference p<0.008 vs. males
TABLE 4.11 Trial #2 Lower Body - Male vs. Female
Variable Male Female P
Total kcals 190.29 ± 18.93 146.88 ± 16.53 * 0.0007
kcals/m in 11.16 ±1.15 8.7 ± 0.92 * 0.0009
VO^ (L min ") 2.82 ± 0.24 1.78 ± 0.18 * 0.0006
RER 0.87 ± 0.09 0.89 ± 0.07 0.5564
Time (min) 16.1 ± 0.9 16.2 ± 1.7
*= Significant difference p<0.008 vs. estimated
The main effect for gender during trial #1 demonstrated females had a
significantly lower VOj during LB exercise compared to males. During trial
#2 females had significantly lower total kcals, kcals/m in, and VOj.
TABLE 4.12 Trial #1 (UB + LB) - Male vs. Female
Variable Male Female P
Total kcals 215.15 ± 34.24 167.95 ± 26.74 0.0144
k cals/m in 9.94 ± 0.91 7.61 ± 0.80 * 0.0001
'= Significant difference p<0.008 vs. males
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TABLE 4.13 Trial #2 (UB + LB) - M aie vs. Female
Variable Male Female p
Total kcals 229.65 ± 26.59 177.31 ± 15.82 * 0.0007
k cals/m in  10.00 ± 0.99 7.72 ± 0.78 * 0.0003
*= significant difference p<0.008 vs. males
The main effect for gender during combined (UB+LB) exercise demonstrated 
that females had a significantly lower kcals/m in value during trial #1 and #2. 
There were no significant differences for total kcals expenditure during trial 
#1. However, females had a significantly lower total kcals expenditure in trial
# 2 .
TABLE 4.14 Trial #1 Upper Body -Interaction (Est. EE vs. Act. EE * Gender)
Variable Est. Male Act. Male Est. Female Act. Female P
Total kcals 31.03 ± 5.92 42.48 ± 7.42 22.50 ± 9.55 32.71 ± 5.35 0.8144
kcals/m in 5.17 ± 0.99 7.08 ± 1.23 3.75 ± 1.60 5.45 ± 0.89 0.8186
VO 2  (L min*̂ ) 1.06 ± 0.19 1.49 ± 0.25 0.76 ± 0.32 1.09 ± 0.18 0.4091
RER 0.86 ± 0.08 0.90 ± 0.09 0.89 + 0.11 0.94 ± 0.10 0.8005
'= Significant difference p<0.008 vs. estimated
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TABLE 4.15 Tria! #2 Upper Body - Interaction (Est. EE vs. Act. EE * Gender) 
Variable Est. Male Act. Male Est. Female Act. Female P
Total kcals 37.78 ± 5.95 43.01 ±7.48 28.78 ±6.33 32.08 ± 5.14 0.6780
kcals/m in  6.30 ±0.99 7.17 ±1.25 4.80 ±1.06 5.35 ±0.86 0.6777
VO^ (L min ) 1,28 ±0.21 1.52 ±0.26 1.28 ±0.22 1.13 ±0.17 0.6524
RER 0.89±0.07 0.71 ±0.08 0.95 ±0.06 0.76 ± 0.06 0.8324
*= Significant difference p<0.008 vs. estimated
There were no significant differences for any combination of UB measure by 
gender interaction, for trial #1 or #2.
TABLE 4.16 Trial #1 Lower Body -Interaction (Est. EE vs. Act. EE * Gender)
Variable Est. Male Act. Male Est. Female Act. Female P
Total kcals 180.47 ± 25.46 185.15 ± 15.49 142.89 ± 27.44 144.14 ± 31.61 0.7679
kcals/m in 10.49 ± 1.59 10.82 ± 1.65 8.41 ± 0.76 8.48 ± 1.30 0.6915
VO 2  (Lmin* )̂ 2.21 ± 0.22 2.39 ± 0.15 1.75 ± 0.15 1.74 ± 0.27 0.0243
RER 0.92 ± 0.08 0.83 ± 0.08 0.93 ± 0.06 0.90 ± 0.10 0.2041
*= Significant difference p<0.008 vs. estimated
TABLE 4.17 Trial #2 Lower Body - Interaction (Est. EE vs. Act. EE * Gender)
Variable Est. Male Act. Male Est. Female Act. Female P
Total kcals 184.70 ± 18.59 195.88 ± 18.92 145.22 ± 13.78 148.53 ± 20.12 0.2953
kcals/m in 10.78 ± 1.04 11.54 ± 1.21 8.59 ± 0.64 8.81 ± 1.19 0.2320
VO 2  (L min ") 2.18 ± 0.20 2.38 ± 0.24 1.74 ± 0.14 1.82 ± 0.22 0.1775
RER 0.92 ± 0.06 0.82 ± 0.04 0.93 ± 0.06 0.85 ± 0.05 0.5230
Significant difference p<0.008 vs. estimated
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There were no significant differences for any combination of LB measure by 
gender interaction, for trial #1 or #2.
TABLE 4.18 Trial #1 (UB + LB) - Interaction (Est. EE vs. Act. EE * Gender) 
Variable Est. Male Act. Male Est. Female Act. Female P
Total kcals 
kcals/m in
207.44 ± 37.60 
9.55 ± 0.64
222.86 ± 31.42 164.75 ± 22.32 
10.34 ± 1.00 7.48 ± 0.64
171.15+32.40 
7.73 + 0.98
0.5241
0.3775
*= Significant difference p<0.008 vs. estimated
TABLE 4.19 Trial #2 (UB + LB) - Interaction (Est. EE vs. Act. EE * Gender) 
Variable Est. Male Act. Male Est. Female Act. Female P
Total kcals 
kcals/m in
220.43 ± 26.44 
9.57 ± 0.92
238.87 ± 25.20 174.00 + 8.10 
10.45 ± 0.91 7.61 ± 0.58
180.61+21.42 
7.84 + 0.98
0.2503
0.1654
*= Significant difference p<0.008 vs. estimated
There were no significant differences for any combination of (UB+LB) 
measure by gender interaction, for trial #1 or #2.
Delta A M easurements
Due to the Bonferoni adjustment, significance was set at p<0.0125 (0.05/ 4 
0.0125).
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TABLE 4.20 D elta UB - A Trial #1 vs. ATrial #2
A A
(Estimated - Actual) (Estimated - Actual)
Variable Trial #1 Trial #2 P
Total kcals -10.88 ± 8.94 -4.34 ± 7.84 0.0601
k cals/m in  -1.82 ± 1.49 -0.87 ± 1.36 0.0675
*= Significant difference p<0.0125
UB A measures show that the estimated values demonstrate a slight but non 
significant underestimate of EE, this trend was consistent for both trials, 
independent of exercise order.
TABLE 4.21 Delta UB - A Male vs. A Female
Variable Male Female P
Total kcals -8.34 ± 9.67 -6.76 ± 8.22 0.6778
kcals/m in  -1.39 ± 1.61 -1.28 ± 1.39 0.8767
*= Significant difference p<0.0125
The underestimation of UB EE was not significantly different between 
genders.
TABLE 4.22 D elta UB - Interaction (A Trial #1 vs. A Trial #2 * Gender) 
Variable A Trial #1 A Trial #2 A Trial #1 A Trial #2
Male Male Female Female P
Total kcals -11.45 ± 9.62 -5.23 ± 9.36 -10.21 ± 8.94 -3.30 ± 6.33 0.9155
k cals/m in  -1.91 ± 1.6 -0.87 ±1.56 -1.71 ± 1.50 -0.86 ±1.24 0.8433
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There were no significant differences for any combination of UB A measure 
by gender interaction.
TABLE 4.23 D elta LB - ATriai #1 vs. ATrial #2
A A
(Estimated - Actual) (Estimated - Actual)
Variable Trial #1 Trial #2
Total kcals -3.09 ± 19.59 
k cals/m in  -0.21 ± 1.13
-7.55 ± 12.98 
-0.47 ± 0.81
0.3695
0.4032
*= Significant difference p<0.0125
LB A measures show that the estimated values demonstrate a slight but non
significant underestimate of EE, this trend was consistent for both trials.
independent of exercise order.
TABLE 4.24 Delta LB - A Male vs. A Female 
Variable Male Female P
Total kcals -7.93 ± 17.54 
kcals/m in  -0.54 ± 0.97
-2.28 ± 15.23 
-0.10 + 0.97
0.5103
0.3745
*= Significant difference p<0.0125
The imderestimation of LB EE was not significantly different between 
genders.
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TABLE 4.25 D elta LB - Interaction (A Trial #1 vs. ATrial #2 * Gender)
Variable A Trial #1 A Trial #2 A Trial #1 A Trial #2
Maie Maie Female Female P
Total kcals -4.67 ± 22.27 -11.18 ± 12.09 -1.25 ± 17.84 -3.31 ± 13.76 0.6374
kcals/m in  -0.33 ±1.21 -0.75 ±0.67 -0.07 ±1.12 -0.13 ±0.88 0.5380
*= Significant difference p<0.0125
There were no significant differences for any combination of LB A measure by 
gender interaction.
TABLE 4.26 D elta (UB+LB) - ATrial #1 vs. ATrial #2
A A
(Estimated - Actual) (Estimated - Actual)
Variable Trial #1 Trial #2 P
Total kcals -13.69 ± 23.13 -11.89 ± 17.51 0.7503
kcals/m in  -0.62 ± 0.98 -0.52 ± 0.79 0.7024
*= Significant difference p<0.0125
(UB+LB) A measures show that the estimated values demonstrate a slight but 
non significant underestimate of EE, this trend was consistent for both trials, 
independent of exercise order.
TABLE 4.27 Delta (UB+LB) - A Male vs. A Female
Variable Male Female P
Total kcals -16.27 ± 23.15 -8.73 ± 15.92 0.4661
kcals/m in  -0.77 ± 0.95 -0.33 ± 0.75 0.3195
*= Significant difference p<0.0125
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The underestimation of (UB+LB) EE was not significantly different between 
genders.
TABLE 4.28 D elta (UB+LB) - Interaction (A Trial #1 vs. A Trial #2 * Gender) 
Variable A Trial #1 A Trial #2 A Trial #1 A Trial #2
Male Male Female Female P
Total kcals -16.13 ±28.80 -16.41 ±18.22 -10.85 ±16.46 -6.61 ± 16.60 0.7167 
kcals/m in  -0.78 ± 1.18 -0.77 ± 0.76 -0.44 ±0.76 -0.23 ±0.79 0.7252
*= Significant difference p<0.0125
There were no significant differences for any combination of (UB+LB) A 
measure by gender interaction.
Correlation - Estimated vs. Actual
Simple regression analyses were performed on all testing segments (UB, LB, 
and (UB+LB)) for trial #1 and trial #2 to determine the correlation between 
estimated and actual EE values (total kcals and kcals/m in). Correlation 
results are presented in Tables 4.29 and 4.30. Results for (UB+LB) trial #1 are 
shown in figures 4.1 and 4.2. Results for (UB+LB) trial #2 are shown in 
figures 4.3 and 4.2.
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TABLE 4.29 Trial #1 - Individual Regression Equations - Correlation: 
Estimated variables vs. Actual variables
Variables p-value R R'
(UB+LB) Total kcals .0007 * .813 .662
(UB+LB)kcals/min .0018 * .776 .602
UB Total kcals .1417 .431 .186
UB kcals/min .1417 .431 .186
UBRER .0318 .595 .355
UB VO2 .0054 * .722 .521
LB Total kcals .0008 * .809 ,654
LB kcals/min .0010 * .802 .643
LB RER .1134 .460 .212
LB VO2 .0001 * .922 .850
*= Significant correlation p<0.0125
TABLE 4.30 Trial #2 - Individual Regression Equations - Correlation: 
Estimated variables vs. Actual variables
Variables p-value R R'
(UB+LB) Total kcals .0001 * .883 .780
(UB+LB)kcals/min .0001 * .872 .760
UB Total kcals .0681 .521 .271
UB kcals/min .0679 .521 .271
UB RER .7709 .090 .008
UB VO, .0466 .560 .313
LB Total kcals .0001 * .910 .828
LB kcals/min .0001 * .914 .835
LB RER .0093 * .688 .474
LB VO, .0001 * .918 .842
*= Significant correlation p<0.0125
Simple regression analysis demonstrated a significant positive correlation 
between estimated and actual measures in trial #1 and #2 for the variables of 
(UB+LB) total kcals, (UB+LB) kcals/ min, LB total kcals, LB kcals/ nun, LB VO 2'
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and LB RER (trial #2 only). However, the correlation between actual and 
estimated values was not significant for UB exercise, for either trial.
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FIGURE 4.1 Trial #1 (UB+LB) - Estimated Total kcals vs. Actual Total kcals
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FIGURE 4.2 Trial #1 (UB+LB) - Estimated kcals/m in vs. Actual kcals/min
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FIGURE 4.4 Trial #2 (UB+LB) Estimated kcals/m in vs. Actual kcals/min
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TABLE 4.31 Summary Table - Group Regression Equations - EE Estimates
Measure Est kcals/m in P Est. Total kcals P
UB #1 4.7 ± 1.11 * .0007 28.01+ 6.69 * .0007
UB #2 5.6 ± 0.98 .0986 33.66 ± 5.86 .0995
LB #1 9.5 ± 0.94 .7774 159.94 ± 33.32 .6211
LB #2 9.65 ± 1.35 .2924 164.96 ± 28.89 .3825
UB+LB 8.45 ± 1.03 .1942 187.95 ± 32.66 .4542
LB+UB 8.56 +1.24 .1942 198.62 + 32.45 .2747
* = Significant difference p<0.05 vs. actual 
Trial #1 - UB+LB 
Trial #2 - LB+UB
Values derived from group equations resulted in significant underestimates 
of EE (kcals/m in and total kcals) for UB exercise during trial #1. There were 
no significant differences for any other testing segments.
TABLE 4.32 Group Regression Equations - Correlation: Estimated EE vs. 
Actual EE
Variables p-value R R'
UB kcals/m in Trial #1 .0871 .493 .243
UB kcals/m in Trial #2 .2925 .316 .100
LB kcals/m in Trial #1 .8563 .056 .003
LB kcals/m in Trial #2 .5742 .172 .030
*= Significant correlation p<0.0125
There were no significant correlations between estimated and actual EE 
values for UB or LB exercise, for either trial, when group equations were 
im plem ented.
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Figure 4.13 Field pulaski dig trial
.F
Figure 4.14 Laboratory pulaski dig trial to establish linear fit equations
Chapter Five: D iscussion  and Conclusions
The intent of this study was to examine the efficacy and practicality of using 
minute by minute HRM to estimate upper and lower body EE for field tasks 
associated with w ildland firefighting, specifically hiking and fire line 
construction. The lab simulated hike and dig protocols were designed to elicit 
a w ide range of work intensities which could be encountered during field 
exercise. Individual, activity specific, upper and lower body prediction 
equations were derived from the lab hike and dig protocols, and used to 
estimate EE of similar field activities. The more common application of 
HRM is to estimate 24 hr. EE in free living subjects, using either the flex HR 
(Lovelady et al., 1993) or mean daily HR (Christensen et al., 1983) technique.
In addition to estimating VOj for the prediction of EE, this study incorporated 
the use of regression equations to predict RER. Of the reviewed literature, 
past research has not attempted to estimate RER during field exercise.
Descriptive Variables
Due to the length of the treadmill test ( -  20 min), subjects did not undergo a 
true max test. A VOg max test should be complete within 8-12 minutes or it is 
possible fatigue could be due to factors such as overall fatigue or localized 
muscle fatigue, not maximal consumption. Therefore, subjects were not 
required to achieve a max VO  ̂ value of 45 m l/k g / min, which has previously 
been suggested as the minimum fitness requirement for wildland firefighters
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(Sharkey et al., 1994). All subjects did attain a peak VO  ̂^ 40 m l/k g /m in . 
Previous studies have used HRM with males and females (Spurr et al., 1988; 
Livingstone et al., 1990), and were able to predict group EE when subject data 
was analyzed specific to gender or combined. For this reason, as w ell as an 
increase in the number of females entering the field of wildland firefighting 
(Thoele, 1995), both male and female subjects were selected for this study. Li 
et al. (1993) states the relationship between HR and VOg w ill change with  
variations in body weight or body composition. Alterations in the HR/VOg 
relationship have been observed as a result from changes in training status 
(Kapagoda et al., 1979). To control for any significant changes in the above 
mentioned variables in the period of time between laboratory and field 
testing, all trials for each subject were completed within 1-2 weeks.
Trial M easurem ents
M ain Effect fo r UB Measure Trial ftl and Trial U2 
Based on data collected from this study, the UB calibration procedures 
performed in the laboratory did not establish a HR/VOj relationship similar 
to the H R/ VOg relationship which exists during field line construction. No  
correlation was found between estimated and actual UB EE for either trial, 
and significant differences were found between estimated and actual EE for 
trial #1. The UB prediction equations consistently underestimated VOj, with  
a concomitant underestimation of EE, although significant differences were 
detected for trial #1 only. These results contradict the original hypothesis. It
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has been determined that the H R/VO 2  relationship exists for upper body as 
well as lower body exercise (Sadayoshi and Horvath, 1987). This study 
attempted to determine if activity specific regression equations could 
accurately estimate UB EE. This study used a simulated digging treadmill to 
establish each subject's prediction equation. A possible explanation for the 
underestimated UB EE is that the laboratory calibration procedures did not 
establish an accurate HR/VOj relationship for line construction in the field. 
Lab UB exercise resulted in a higher HR at a given VO 2  compared to field line 
construction. Therefore, when field HR was integrated into the prediction 
equations, the corresponding VO2  estimate was consistently lower than the 
actual measured VO 2  value during the trial.
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The H R /V O 2  regression line established during lab simulated digging, may 
have resulted from an artificially inflated HR for the metabolic demand of a 
given work intensity. Some subjects found the simulated digging treadmill 
to be frustrating and appeared to become tense if they could not keep cadence
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with the metronome. A recognized influencing factor of HR, outside 
metabolic demand, is emotional state (McCrory et al., 1997; Li et al., 1993). 
Investigations examining the psychophysiological response to anxiety have 
found HR to increase with psychological stress (Johnston et al., 1990; Rutley 
and Mace, 1972). It is possible the subject's HR was increased in the lab due to 
anxiety. Also, differences were observed in overall body movement during 
the simulated dig trial compared with the field line construction. The 
simulated digging treadmill caused subjects to hold a stationary stance, 
leading to an exaggerated upper body motion. In the field, subjects had a 
tendency to use more whole body momentum to sw ing the pulaski tool 
while constructing line. Therefore, the specificity of the lab activity may not 
have been close enough to generate regression equations characteristic of the 
HR/VOj relationship for field line construction. These results emphasize the 
importance of prediction equation specificity. Further research is needed to 
determine if a more specific calibration procedure could accurately estimate 
EE.
Main Effect fo r LB M easure Trial #1 and Trail #2
No statistical difference was found between estimated and actual LB EE for 
either trial #1 or #2. Also, there was a significant positive correlation 
between estimated and actual LB EE for both trials. These results are in 
agreement with the original hypothesis. A significant underestimation of 
VOj and overestimation of RER occurred for trial #2. Although there were
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significant differences for these two variables, it was not great enough to elicit 
a significant difference in EE. Accurate estimations may be due to the 
elimination of factors from this study which have been a source of error in 
other investigations such as; variability in the flex HR value, estimating EE 
for sedentary activity, and implementing group prediction equations. Of the 
reviewed literature, the primary application of minute by minute HRM is to 
estimate 24 hr EE. In order to estimate 24 hr EE, investigators must account 
for the different HR/VOg relationships which occur during light vs. 
moderate-intense activity. Protocols involving 24 hr EE commonly use the 
flex HR technique. A criticism with this method is that the accuracy of the 
predictions are largely dependent on the choice of the flex HR value 
(Livingstone et al., 1990). McCrory et al. (1997) determined one factor 
associated with intraindividual variability in predicted EE, was variability in 
the flex HR value. With a shift in the flex HR value, field HR may be 
integrated into the sedentary equation on one occasion and the high intensity 
equation on another. This study used only one regression equation, specific 
to the measured activity, thereby eliminating possible error due to classifying 
field HR into an inappropriate regression equation. Previous research has 
described how  the HR/VOj relationship differs between sedentary and 
m oderate/intense activity (Spurr et al., 1988; Li et al., 1993). Booynes and 
Hervey (1960) found a poor correlation between HR and metabolic demand 
for low intensity or sedentary activities. During light physical activity (i.e. 
desk work, standing with minimal movement), HR can vary without
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accompanying changes in EE. This phenomenon creates difficulty predicting 
EE in those situations. This study applied HRM to activities specific to 
wildland firefighting. The hike and dig were both strenuous activities and 
therefore the error associated with predicting EE at sedentary and low  levels 
of activity w as not an issue. Past researchers have indicated the best results 
are obtained w hen prediction equations are established from activities similar 
to those which are measured in the field (Booynes and Hervey, 1960; Spurr et 
al. 1988). Implementing activity specific prediction equations may attenuate 
error because the H R /V 02  relationship established in the lab w ill be 
characteristic of the field exercise. Calibrating prediction equations with lab 
activities similar to field activities w ill help eliminate changes in HR 
response from factors other than metabolic demand such as; postural changes 
and utilization of different muscle mass. Kalkwarf et al. (1989) found greater 
discrepancies between estimated and actual values when predicting EE from 
group averaged equations compared to individual equations. The protocol 
for this study implemented individual prediction equations based on the 
concept that there w ould be large interindividual variation in the 
physiological response to a given exercise. For descriptive purposes, a group 
prediction equation was generated from overall data. Statistical analysis 
demonstrated no significant difference between estimated and actual LB EE 
for either trial when the group equation was used. It is possible that no 
significant differences from the group equation were evident between  
estimated and actual EE due to the fact that this study used a relatively
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homogenous subject pool. Table 4.1 shows no significant differences between 
males and females for age, VOg peak, and fat body mass. Also, health 
questionnaires described all subjects as physically active. However, the 
correlation between estimated and actual LB EE was not significant when  
group equations were applied (trial#1 R=.056, P=.8563; trial #2 R=.172, 
P=.5742). It is possible that no significant differences were detected in the 
group equation results because of the large interindividual variability. 
However, the individual LB prediction equations did demonstrate a 
significant positive correlation (trial #1 R=.802, P=.0010; trial #2 R=.914, 
P=.0001) in addition to no significant differences between estimated and actual 
values. This further supports the use of individual prediction equations. 
Based on these results, implementing individual, activity specific prediction 
equations, EE can be accurately estimated during field hiking.
M ain Effect for (UB+LB) Measure Trial # ï and Trial #2
There was no significant difference between estimated and actual (UB+LB) EE. 
There was also a significant positive correlation between estimated and actual 
EE, for trials #1 and #2. These results support the original hypothesis, and 
demonstrate consistency in the prediction equation's ability to accurately 
estimate combined EE when UB and LB exercises are performed sequentially. 
Methodology was the same for predicting UB and LB EE separately or 
combined. Activity specific, individually calibrated, prediction equations 
provided favorable results for both LB trials, and one of the UB trials. With
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accurate EE predictions for LB and UB separately, it follows that combining 
the two activities w ould result in accurate predictions for (UB+LB) activities. 
However, (UB+LB) was not comprised of equal exercise time during the line 
construction and hike activities (line construction = 6 min; hike #1= 
15.92±2.29 min; #2 = 16.15±1.28 min). Therefore, the (UB+LB) results may 
have been different if equal time were allotted for both activities. This may 
explain w hy (UB+LB) trial #1 found no significant difference between 
estimated and actual EE, regardless of a significant difference between 
estimated and actual UB EE trial #1. Further investigation is needed to 
determine if combining results from sequential exercise is effective when  
time is equally distributed between activities.
M ain Effect fo r Gender Trial #2 and Trial #2
Results from this study demonstrated inconsistencies with gender 
comparisons for all testing segments. When significant differences occurred 
they were due to lower female values compared to males. The differences are 
most likely because results were reported in absolute values (L/ min). If 
results were reported relative to body weight (ml /  kg /  min) or PPM 
(mLlg^ PPM/min), it is likely that there would be less variability between 
genders. For all three segments, significant gender differences were found for 
some variables during one trial but not the other. This could be due to the 
fact that subjects exercised at a self selected pace and therefore intensity was 
not controlled for during the field exercise trials. With no control for exercise
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intensity, there was a large interindividual variability for all variables. Large 
interindividual variability resulted in large standard deviations making it 
less likely to detect significant differences for some trials given the sample 
size.
M easure * Gender Interaction: Trial U1 and  #2
No statistical differences were found for the measure * gender interaction for 
any variables from trial #1 or trial #2. These results demonstrate that the 
consistency of the UB, LB and (UB+LB) prediction equations were similar 
within and between genders. This is in agreement with studies conducted by 
Livingstone et al. (1990) and Spurr et al. (1988). Although these investigators 
did not conduct gender comparisons, they examined estimated and actual EE 
values specific to gender as well as combined. Both studies used individually 
calibrated equations. Both studies found no significant difference between 
estimated and actual values when results were analyzed specific to gender as 
well as combined. Due to the large interindividual variability of physical 
capacities, it is w ell documented in the literature that group average 
regression equations should not be used to predict EE (Booynes and Hervey, 
1960; Li et al., 1993; Kalkwarf, 1989). If prediction equations are individually 
calibrated, any physical differences which exist between genders that may 
influence the physiological response to exercise, w ill be accounted for in an 
individual's H R/VO j relationship. These results suggest that the HRM 
method may be used in the field with males or females, independently or
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combined, given that prediction equations are established on an individual 
basis.
M ain Effect fo r  A M easure Trial #2 vs. Trial #2
The results from this investigation found no significant difference between  
trial #1 and trial #2 for the main effect for A measure (estimated EE - actual 
EE). This is in agreement with the original hypothesis that testing order 
would not affect the consistency of the prediction equations. These results 
suggest that any possible EPOC during the second field trial (hike or line 
construction), was not great enough to elicit deviations from the lab HR/VO^ 
relationship. Past research has described two different phases of VO  ̂recovery 
post exercise, a rapid and a slow phase (Gaesser et al., 1984; Sedlock et al.,
1989). Sedlock et al. (1989) found the majority of calories were expended 
during the rapid phase of recovery when the metabolic rate more closely 
resembled the exercising VOj rather than resting values. The rapid phase of 
recovery occurred during the first 5-7 minutes postexercise, regardless if 
subjects exercised at 50% or 75% of VOj max. Sedlock et al. (1989) noted VOg 
continued to be elevated during the slow phase of recovery, however the 
difference in increased caloric expenditure between long duration and short 
duration exercise had no practical significance. All subjects for this study 
rested for 5 minutes between trials. Therefore, it is likely that the subjects had 
surpassed the rapid phase of recovery before testing began for the second field 
trial, especially given the exercise intensity (% VOj peak values - Tables 4.4
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and 4.5). It is possible that while subjects were in the slow phase of recovery, 
any elevated increase in VOj was not great enough to create a significant shift 
from the H R/VO j relationship established in the lab. The effect of EPOC on 
the accuracy of prediction equations requires further study.
M ain Effect fo r  A Gender
There were no significant differences for A gender for any testing segment. 
These results suggest that gender did not affect the magnitude of difference 
between estimated and actual EE. No studies have conducted gender 
comparisons on the consistency of prediction equations, however it has been 
determined that HR and VO  ̂ exhibit a linear relationship for both males and 
females (Payne et al., 1971). The protocol for this study established individual 
prediction equations in order to account for interindividual differences in the 
physiological response to exercise. Results from this study suggest gender 
does not influence the consistency of the prediction equations. Results are 
supported by the presence of a linear HR/ VOg relationship for both males and 
females, and the application of individual prediction equations which will 
account for interindividual differences in the physiological response to 
exercise.
A M easure * Gender Interaction
There were no significant differences for the A measure * gender interaction. 
As explained in the M ain Effect fo r  A G en der , gender does not affect the
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consistency of the prediction equations. As explained in M ain Effect for A 
M e a s u r e , the magnitude of difference between estimated and actual EE was 
not significantly different during UB, LB, or (UB+LB) exercise regardless of 
testing order. Results from this protocol demonstrate that the UB, LB, and 
(UB+LB) prediction equations provided consistent results regardless of testing 
order or gender. However, the exercise trials for this study were of short 
duration (6 and 16 min ). It is not known how longer exercise trials may 
influence the prediction equations ability to estimate EE.
RER Predictions:
Results from this study demonstrate inconsistencies in the accuracy of RER 
predictions. If significance was found it was due to overestimation. An RER 
of 0.707 = 4.686 kcal/L  Oj, RER of 1.00 = 5.047 kcal/ L Oj. Due to such a small 
range in kcal/L  Og values, the impact on overall EE from a RER value is 
minimal. This is demonstrated in the UB #2 trial, where RER is significantly 
overestimated but VOj is not significantly different. The results showed no 
significant difference between actual and estimated UB EE. This study 
suggests that EE can be accurately estimated regardless of an overestimation in 
RER, and therefore estimating RER may not be necessary to accurately 
estimate EE.
Test /  R e-test Reliabiliti/
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Based on the data collected from this investigation, the individual LB 
prediction equations demonstrated between day reliability for predicting 
group EE. The reliability is evident by the accurate LB EE for trial #1 and #2 
which occurred on two separate days. Also, no significant differences were 
found between A trial #1 and A trial #2. Similarities in the magnitude of 
difference (A) between estimated and actual EE for trial #1 and #2 suggest a 
similar margin of error estimating EE on the two testing occasions. Li et al. 
(1993) suggests calibrating the individual prediction equations close to the 
time of field HR data collection, in order to decrease variability with repeat 
testing which could occur from subsequent training. The present 
investigation followed this suggestion by completing all field testing for all 
subjects within 1-2 weeks of the lab simulated trials. Christensen et al. (1983) 
implemented mean 24 hr HR equations and found poor between day 
reliability of the regression equations due to variability in the slopes and 
intercepts. During low  intensity or sedentary activities, HR variations can 
occur independent of VO  ̂ causing a shift in the slope or intercept of the 
equation (Christensen et al., 1983). This study involved activities of moderate 
to intense exercise. Therefore, changes in HR were in response to changes in 
metabolic demand, leading to more consistent and accurate HR/VOg 
relationship. These results support the work by McCrory et al. (1997) who 
used the flex HR method and found no significant between day differences in 
the slopes or intercepts of the regression equations. Further research is
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needed to examine intraindividual variability in the H R /V 02  relationship 
with minute by minute HRM protocols similar to the one used in this study.
C o n c lu s io n s
Minute by minute HRM has been investigated at length for use with free 
living subjects to determine 24 hr. EE. This was the first study to examine the 
efficacy of developing UB and LB prediction equations specific to tasks 
associated w ith wildland firefighting. Based on the results from this study, 
and the protocol used, it can be concluded that this is an accurate and 
practical method for estimating field EE during short term hike activities, for 
males and females. These conclusions were based on the fact that statistical 
analysis revealed no significant differences, and a positive correlation 
between estimated and actual LB EE. It was concluded that minute by minute 
HRM does not provide consistent, accurate estimates of UB EE during line 
construction when the prediction equations are developed using a less 
specific UB exercise task. This conclusion is based on inconsistent results 
between UB trial #1 and UB trial #2, and no significant correlation between 
estimated EE and actual EE for either trial. Although data collected from this 
study supports the use of HRM to estimate (UB+LB) EE when exercises are 
performed sequentially, this should be considered cautiously due to 
dissimilar exercise time during the dig and hike activities. Collected data 
support consistency of UB and LB prediction equations regardless of testing 
order. This conclusion applies to similar activities performed at similar
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intensities and of similar duration. Consistent, accurate LB EE estimates for 
both testing occasions, as w ell as no significant differences between A measure 
for trial #1 and trial #2, suggest between day reliability for the LB prediction 
equations. This study does suggest that a group prediction equation may 
produce accurate LB EE estimates if applied to a homogenous subject pool. 
However, the group equations did not show a significant correlation between 
estimated EE and actual EE. Therefore, it is possible that no significant 
differences occurred due to the large interindividual variability.
Suggestions fo r  Future Research
Although this study provided information regarding the use of minute by 
minute HRM for predicting field UB and LB EE, independent or combined, 
using individual or group prediction equations, it also revealed areas in need 
of further research. If this technique is to be used in a field setting then 
additional work is needed to determine the effects of environment and core 
temperature on the HR/VO^ relationship. With an increase in temperature 
and/or increase in exercise duration, the occurrence of dehydration is likely. 
With a decrease in plasma volume, HR w ill increase. This protocol should be 
applied to longer exercise trials to determine the effect of exercise duration on 
the consistency of prediction equations. Also, if this technique is applied to 
free living subjects such as the wildland firefighter population, the effects on 
the HR/VOg relationship from extraneous variables such as hydration status, 
and the use of caffeine and nicotine, need to be defined. This study
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determined the simulated dig treadmill was not task specific. Future studies 
could use a field dig trial for calibration purposes, and then examine the 
accuracy of estimating UB EE with minute by minute HRM.
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INSTITUTIONAL REVIEW BOARD (IRB) 
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Form RADIOS 
(Rev. L94)
Submit one w py of this Checklist, including any required attachments, for each pro je t involving human subjects. The IRB 
meets monthly to evaluate proposals, and approval is granted for one academic year. See IRB Guidtiines and Procedures for 
details.
Date Submitted to IRB Projected Start Date Ending Date
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wFroject Director: O/l&Mr
Signature____________________
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Co-Director(s):, /OA .Dept.:.
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SUidents only: 
Faculty Supervisor:
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Per 1RS Um Only
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 Exempt from Review Expedited/Administrative Review
 Conditional approval:,
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 Resubmit proposal:.
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Signature/IRBChain Date:
Informed Consent Statement
The purpose of this study is to compare estimates of energy expenditure with actual measured 
energy expenditure. Estimated energy expenditure (EE) will be calculated on the treadmill for 
lower body values, and a Pulaski treadmill will be used to calculate EE for upper body values. 
These tests will be conducted in The Human Performance Laboratory at The University 
Montana, McGUl Hall #121. Actual lower body EE will be measured while subjects hike Mt. 
Sentinel Trail (M trail) and actual upper body EE will be measured while subjects perform a dig 
trial near the Kim Williams trail. Prior to each exercise trial, subjects will be required to 
refrain from exercise for a 12 hour period and fast for 4 hours.
Your participation in the study will include: 1) completion of health history questionnaire, 2) a 
multi-stage maximal treadmill test, 3) a field exercise walking trial (-20-30 min), 4) a multi­
stage sub-maximal pulaski treadmill test, and 4) two field dig/hike trials (-45 min). During 
all field tests, the subject will perform at a self selected pace.
A chest strap will be worn to monitor heart rate during both exercise testing sessions. Expired 
air samples will be collected using an ambulatory metabolic system which will be worn using a 
modified backpack. This involves wearing a mouthpiece and nose clip throughout the entire 
exercise bout The mouthpiece and nose clip will not interfere in any way with breathing.
Work loads on the treadmill will beat four intervals of approximately four minutes each.
After completion of the four work intervals, the subject will continue to walk/run on the 
treadmill with an increase in grade/speed until fatigued.
On a second day of testing, a Pulaski simulated dig trial will be conducted. This test will be 
comprised of four workloads of increasing cadence, lasting 5 minutes in duration with a 2 min. 
rest between workloads.
Descriptive measures will include height, weight, and body composition. Body composition 
will be determined by skinfold measurements.
It is expected that the subject will have minimal discomfort as a result of participation in this 
study. The graded treadmill running test and exercise in general has certain risks associated 
with it including loss of consciousness and stroke (0.05% of the time), heart attack and death 
(0.005% of the time) or musculoskeletal injury or muscle soreness. Although the risks associated 
with these tests are minimal, all testing will be conducted under the guidelines for exercise 
testing observed by the American College of Sports Medicine.
All results will be kept in strict confidence between the subject involved and the Principal 
Investigator and other research assistants. During the entire period of data collection, subject 
records will be kept within the Human Performance Laboratory and will be locked under the 
direction of the Principal Investigator.
All exercise testing will be supervised and conducted by Brent C. Ruby, Ph D. and his trained 
staff of research assistants. Although it is not likely that you will experience any of the afore 
mentioned injuries, the University of Montana requires the following statement regarding 
personal injury.
"In the event that you are injured as a result of this research you should individually seek 
appropriate medical treatment. If the injury is caused by the negligence of the University or 
any of its employees, you may be entitled to reimbursement or compensation pursuant to the 
Comprehensive State Insurance Plan established by the Department of Administration under 
the authority of M.C.À., Title 2, Chapter 9. In the event of a claim for such injury, further
I have read the above statements and understand and appreciate the risks involved with this 
study. I authorize Brent C. Ruby, Ph.D. and assigned assistants to conduct testing. The test will  
be conducted in a safe environment, with minimal discomfort.
Name of Participant _______________________________
Signature of Participant
Date
Investigator Signature 
Date _____________
(by signing, the subject certifies 
that he/she is at least 18 years of age)
Appendix II 
Health History Questionnaire
78
The University of Montana 
Human Performance Laboratory
Exercise and Health History Questionnaire
Name --------------------------------------------------------  Phone
A d d ress___________________________________________
Age -----------------------  Height (lbs.) —  -------- -------^  Weight (lbs.)
In case of emergency, contact (closest relative)
N a m e_______________________________________  Relation
Phone(Home) _____________________________  Phone (Work)
1. Are you taking any prescriptions?  If yes, what?
2. Do you have any injuries or physical limitations? If yes, please describe
3. Do you have any knee or shoulder problems or muscle problems that 
do not allow you to perform intense exercise?_______________________
4. Have you been seen by a physician in the past year? ---------------- If yes
please explain
5. Do you have any allergies? _________  If yes, to what?
6. Describe type of exercise(s) you do.
7. Have you engaged in any exercise in the past 12 hours? If so, what?
Appendix III
Individual Subject Spreadsheet Calculating Estimated 
Energy Expenditure And Individual Regression Equations
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Subject #1 - FIELD #1
Hike
HR RER V02 KCALS
131 0.91 1.80 8.88
144 0.93 2.11 10.47
139 0.92 1.99 9.85
141 0.93 2.04 10.12
147 0.94 2.18 10.84
146 0.94 2.16 10.74
148 0.94 2,20 10.94
151 0.95 2.28 11.37
146 0.94 2.16 10.74
150 0.95 2.25 11.22
145 0.94 2.13 10.59
147 0.94 2.18 10.84
154 0.95 2.35 11.71
157 0.96 2.42 12.10
156 0.96 2.40 12.00
147 0.94 2.18 10.84
Estimated = 15.03 kcals/min = 1<3.83
Actual = 200.35 kcals/min = 12.52
Mean 0.94 2.18
Dig
99 0.81 0.96 4.62
104 0.82 1.06 5.11
105 0.82 1.08 5.21
107 0.82 1.12 5.40
104 0.82 1.06 5.11
105 0.82 1.08 5.21
Estimated = 4.91 kcals/min = 5.11
Actual = 47.91 kcals/min = 7.99
Mean 0.82 1.06
Estimated total = 203.93 kcals/min = 8.87
Actual total = 248.26 kcals/min = 10.79
Treadmill - HR/V02 y=0.024x-1.348; r=1.00
Treadmill - HR/RER y*0.002x + 0.646; r=0.993
Pulaski - HR/V02 y=0.020x - 1.025; r=0.999
Pulaski - HR/RER y=0.001x + 0.71 5; r=0.811
1
Subject #1 - FIELD #2
Dig
HR RER V02 KCALS
83 0.80 0.64 3.07
89 0.80 0.76 3.65
99 0.81 0.96 4.62
97 0.81 0.92 4.43
98 0.81 0.94 4.52
102 0.82 1.02 4.92
Estimated = 4.86 kcals/min = 4.20
Actual = 37.83 kcals/min = 6.31
Mean 0.81 0.87
Hike
71 0.79 0.36 1.72
135 0.92 1.89 9.35
149 0.94 2.23 11.09
143 0.93 2.08 10.32
146 0.94 2.16 10.74
152 0.95 2.30 11.47
153 0.95 2.32 11.57
153 0.95 2.32 11.57
158 0.96 2.44 12.20
149 0.94 2.23 11.09
159 0.96 2.47 12.35
152 0.95 2.30 11.47
156 0.96 2.40 12.00
162 0.97 2.54 12.73
163 0.97 2.56 12.83
159 0.96 2.47 12.35
Estimated - 15.06 kcals/min = 19.93
Actual = 190.74 kcals/min = 11.92
Mean 0.94 2.19
Estimated total -  200.03 kcals/min = 9.09
Actual total = 228.57 kcals/min = 10.39
Subject #2 - FIELD #1
Dig
HR RER V02 KCALS
108 0.89 0.97 4.76
124 0.94 1.21 6.02
139 0.98 1.43 7.18
147 1.00 1.55 7.82
148 1.01 ^  1.57 7.92
161 1.05 1.76 8.88
Estiamted = 5.86 kcals/min = 7.10
Actual = 35.74 kcals/min = 5.96
Mean 0.98 1.41
Hike
157 0.79 2.37 11.35
155 0.79 2.32 11.11
146 0.78 2.13 10.17
153 0.78 2.28 10.89
154 0.78 2.30 10.98
148 0.78 2.17 10.36
150 0.78 2.21 10.55
156 0.79 2.35 11.25
150 0.78 2.21 10.55
151 0.78 2.24 10.70
162 0.79 2.48 11.87
155 0.79 2.32 11.11
151 0.78 2.24 10.70
153 0.78 2.28 10.89
157 0.79 2.37 11.35
150 0.78 2.21 10.55
152 0.78 2.26 10.79
152 0.78 2.26 10.79
150 0.78 2.21 10.55
157 0.79 2.37 11.35
Estiamted = 15.66 Kcals/min = 10.89
Actual = 1 78.00 Kcals/min = 8.90
Mean 0.78 2.28
Estimated Total = 260.48 Actual Total = 213.74
Kcal/min = 10.02 Kcals/min = 8.22
Treadmill HR/V02 y=0.022x - 1.086; r=0.998
Treadmill HR/RER y=0.001x + 0.630; r=0.953
Pulaski HR/V02 y=0.015x - 0.654; r=1.00
Pulaski HR/RER y^0.003x + 0.563; r-0 .926
Subject #2- F ELD #2
Hike
HR RER V02 KCALS
125 0.76 1.66 7.89
140 0.77 1.99 9.48
144 0.77 2.08 9.91
143 0.77 2.06 9.81
150 0.78 2.21 10.55
149 0.78 2.19 10.46
150 0.78 2.21 10.55
155 0.79 2.32 11.11
148 0.78 2.17 10.36
153 0.78 2.28 10.89
149 0.78 2.19 10.46
152 0.78 2.26 10.79
148 0.78 2.17 10.36
152 0.78 2.26 10.79
150 0.78 2.21 10.55
151 0.78 2.24 10.70
151 0.78 2.24 10.70
152 0.78 2.26 10.79
148 0.78 2.17 10.36
Estimated = 14.78 Kcals/min = 10.34
Actual = 196.19 Kcals/min = 10.90
Mean 0.78 2.17
Dig
128 0.95 1.27 6.33
127 0.94 1.25 6.22
124 0.94 1.21 6.02
131 0.96 1.31 6.55
136 0.97 1.39 6.96
111 0.90 1.01 4.97
Estimated = 5.65 Kcals/min = 6.18
Actual = 40.82 Kcals/min = 6.80
Mean 0.94 1.24
Estimated Total = 233.59
Kcals/min = 9.34
Actual Total = 237.01
Kcals/min = 9.88
Subject #3 - FIELD #1
Dig
HR RER V02 Kcals
120 0.80 1.09 5.23
127 0.81 1.21 5.82
128 0.81 1.23 5.92
131 0.82 1.28 6.18
131 0.82 1.28 6.18
85 0.73 0.50 2.36
Estimated = 4.77 kcal/min = 5.28
Actual = 48.67 kcal/min = 8.1 1
Mean 0.80 1.10
Hike
141 0.89 2.03 9.97
160 0.92 2.54 12.57
157 0.92 2.46 12.17
157 0.92 2.46 12.17
163 0.93 2.62 13.00
165 0.93 2.68 13.30
167 0.94 2.73 13.58
166 0.94 2.70 13.43
169 0.94 2.79 13.87
158 0.92 2.49 12.32
166 0.94 2.70 13.43
158 0.92 2.49 12.32
162 0.93 2.60 12.90
166 0.94 2.70 13.43
Estimated = 12.95 kcal/min = 12.75
Actual = 77.64 kcal/min = 12.69
Estimated total = 210.14 kcals/min = 10.51
Actual total = 226.31 kcals/min =11.352
Treadmill HR/V02 y=0.027x - 1.778; r=0.998
Treadmill HR/RER y=0.002x + 0.603; r=0.996
Pulaski HR/V02 y=0.017x - 0.947; r=0.995
Pulaski HR/RER y=0.002x + 0.555; r=0.989
.
Subject #3 - FIELD #2
Hike
HR RER V02 Kcals
147 0.90 2.19 10.78
150 0.90 2.27 11.18
152 0.91 2.33 11.50
156 0.92 2.43 12.03
152 0.91 2.33 11.50
149 0.90 2.25 11.08
153 0.91 2.35 11.60
159 0.92 2.52 12.47
162 0.93 2.60 12.90
154 0.91 2.38 11.75
153 0.91 2.35 11.60
163 0.93 2.62 13.00
161 0.93 2.57 12.75
169 0.94 2.79 13.87
165 0.93 2.68 13.30
168 0.94 2.76 13.73
158 0.92 2.49 12.32
Estimated = 15.59 kcals/min = 12.20
Actual = 229.80 kcals/min = 13.52
Mean 0.92 2.46
Dig
125 0.81 1.18 5.68
138 0.83 1.40 6.77
142 0.84 1.47 7.13
138 0.83 1.40 6.77
138 0.83 1.40 6.77
147 0.85 1.55 7.54
Estimated = 4.99 kcals/min -  6.78
Actual = 48.14 kcals/min = 8.02
Mean 0.83 1.40
Subject #4  - FIELD #1
Dig
HR RER V02 KCALS
78 0.65 0.05 0.23
120 0.78 0.98 4.68
131 0.81 1.22 5.87
137 0.83 1.35 6.53
139 0.84 1.39 6.74
154 0.88 1.72 8.43
Estimated = 4.80 kcals/min = 5.42
Actual = 54.20 kcals/min = 9.03
Mean 0.80 1.12
Hike
148 0.86 1.99 9.70
165 0.89 2.33 11.44
162 0.89 2.27 11.15
168 0.90 2.39 11.77
162 0.89 2.27 11.15
168 0.90 2.39 11.77
170 0.90 2.43 11.97
166 0.89 2.35 11.54
172 0.91 2.47 12.19
160 0.88 2.23 10.92
172 0.91 2.47 12.19
159 0.88 2.21 10.83
173 0.91 2.49 12.29
165 0.89 2.33 11.44
170 0.90 2.43 11.97
169 0.90 2.41 11.87
172 0.91 2.47 12.19
166 0.89 2.35 11.54
Estimated = 16.09 kcals/min = 11.55
Actual = 207.32 kcals/min = 11.52
Mean 0.89 2.35
Estimated total = 240.41 kcals/min = 10.02
Actual total = 261.52 kcals/min = 10.90
Treadmill HR/V02 y=0.020x - 0.973; r= 1.000
Treadmill HR/RER y=0.002x + 0.562; r=0.995
Pulaski HR/V02 y=0.022x - 1.664; r=0.978
Pulaski HR/RER y=0.003x + 0.420; r=0.997
Subject #4  - FIELD #2
Hike
HR RER V02 KCALS
142 0.85 1.87 9.09
157 0.88 2.17 10.63
153 0.87 2.09 10.21
161 0.88 2.25 11.02
163 0.89 2.29 11.25
161 0.88 2.25 11.02
171 0.90 2.45 12.06
167 0.90 2.37 11.67
175 0.91 2.53 12.49
166 0.89 2.35 11.54
170 0.90 2.43 11.97
138 0.84 1.79 8.68
174 0.91 2.51 12.39
168 0.90 2.39 11.77
172 0.91 2.47 12.19
173 0.91 2.49 12.29
169 0.90 2.41 11.87
Estimated = 15.11 kcals/min = 11.30
Actual = 189.35 kcals/min = 11.14
Mean 0.89 2.30
Dig
147 0.86 1.57 7.65
151 0.87 1.66 8.11
152 0.88 1.68 8.23
149 0.87 1.61 7.87
150 0.87 1.64 8.01
151 0.87 1.66 8.11
Estimated = 5.22 kcals/min = 8.00
Actual = 39.81 kcals/min = 6.64
Mean 0.87 1.64
Estimated total -  240.13 kcals/min = 10.44
Actual total = 229.16 kcals/min = 9.96
Subject #5 - FIELD #1
Hike
HR RER V02 KCALS
137 1.00 1.91 9.64
143 1.02 2.05 10.35
150 1.04 2.22 11.20
155 1.05 2.34 11.81
155 1.05 2.34 11.81
155 1.05 2.34 11.81
151 1.04 2.25 11.36
155 1.05 2.34 11.81
153 1.05 2.29 11.56
157 1.06 2.39 12.06
150 1.04 2.22 11.20
157 1.06 2.39 12.06
151 1.04 2.25 11.36
156 1.05 2.37 11.96
154 1,05 2.32 11.71
154 1.05 2.32 11.71
112 0.92 1.31 6.48
Estimated = 17.60 kcals/min = 11.17
Actual = 189.96 kcals/min = 11.17
Mean 1.04 2.21
Dig
134 0.88 1.07 . 5.24
142 0.91 1.17 5.78
143 0.91 1.18 5.82
144 0.91 1.19 5.87
146 0.92 1.22 6.04
116 0.83 0.86 4.16
Estimated = 5.36 kcals/min = 5.49
Actual - 46.06 kcals/min = 7.68
Mean 0.89 1.11
Estimated total = 222.80 kcals.min = 9. 69
Actual total = 236.02 kcals/min = 10.26
Treadmill HR/V02 y=0.024x - 1.378; r*0.999
Treadmill HR/RER y=0.003x + 0.586; r=0.998
Pulaski HR/V02 y=0.012x - 0.536; r=0.996
Pulaski HR/RER y=0.003x + 0.480; r=0.996
Subject #5 - FIELD #2
Dig
HR RER V02 KCALS
108 0.80 0.76 3.65
115 0.83 0.84 4.06
116 0.83 0.86 4.16
115 0.83 0.84 4.06
126 0.86 0.98 4.78
122 0.85 0.93 4.52
Estimated = 4.99 kcals/min = 4.21
Actual = 42.77 kcals/min = 7.13
0.83 0.87
Hike
93 0.87 0.85 4.15
134 0.99 1.84 9.26
144 1.02 2.08 10.50
144 1.02 2.08 10.50
152 1.04 2.27 11.46
153 1.05 2.29 11.56
152 1.04 2.27 11.46
150 1.04 2.22 11.20
148 1.03 2.17 10.95
154 1.05 2.32 11.71
149 1.03 2.20 11.10
149 1.03 2.20 11.10
151 1.04 2.25 11.36
148 1.03 2.17 10.95
157 1.06 2.39 12.06
156 1.05 2.37 11.96
Estimated = 16.38 kcals/min = 7.79
Actual = 181.63 kcals/min = 8.26
Mean 1.02 2.12
Estimated to tal = 196.53 kcals/min = 8.93
Actual to tal = 224.40 kcals/min = 10.20
Subject #6  - FIELD #1
Hike
HR RER V02 KCALS
119 0.84 1.36 6.60
124 0.84 1.45 7.03
125 0.84 1.47 7.13
132 0.85 1.61 7.83
139 0.86 1.74 8.48
141 0.86 1.78 8.68
145 0.86 1.85 9.02
146 0.86 1.87 9.12
155 0.87 2.04 9.97
148 0.87 1.91 9.33
145 0.86 1.85 9.02
151 0.87 1.97 9.63
145 0.86 1.85 9.02
152 0.87 1.99 9.73
154 0.87 2.02 9.87
152 0.87 1.99 9.73
153 0.87 2.01 9.82
Estimated - 14.63 kcals/min = 8.82
Actual = 166.11 kcals/min = 9.77
0.86 1.81
Dig
101 0.96 0.79 3.95
121 1.00 1.03 5.20
127 1.01 1.11 5.60
134 1.03 1.19 6.01
145 1.05 1.32 6.66
145 1.05 1.32 6.66
Estimated = 6.09 kcals/min = 5.68
Actual = 28.42 kcals/min = 4.74
Mean 1.02 1.13
Estimated Total =184.07 Actual Total = 194.53
kcals/min = 8.00 kcals/min = 8.46
Treadmill HR/V02 y=0.019x - 0.902; r=0.999
Treadmill HR/RER y=0.001x + 0.718; r=0.970
Pulaski HR/V02 y=0.012x - 0.419; r=0.996
Pulaski HR/RER y=0.002x + 0.758; r=0. 848
Subject #6  - FIELD #2
HR RER V02 KCALS
Dig
103 0.96 0.82 4.10
105 0.97 0.84 4.21
112 0.98 0.93 4.67
117 0.99 0.99 4.98
119 1.00 1.01 5.10
124 1.01 1.07 5.40
Estimated = 5.91 kcals/min = 4.74
Actual = 33.39 kcals/min = 5.57
Mean 0.98 0.94
Hike
129 0.85 1.55 7.54
139 0.86 1.74 8.48
137 0.86 1.70 8.29
144 0.86 1.83 8.92
149 0.87 1.93 9.43
144 0.86 1.83 8.92
155 0.87 2.04 9.97
153 0.87 2.01 9.82
158 0.88 2.10 10.29
154 0.87 2.02 9.87
156 0.87 2.06 10.07
147 0.87 1.89 9.24
152 0.87 1.99 9.73
159 0.88 2.12 10.39
158 0.88 2.10 10.29
Estiamted = 13.00 kcals/min = 9.42
Actual = 160.97 kcals/min = 10.73
Mean 0.87 1.93 1
1
Estimated Total= 169.70 Actual Total = 194.36
kcals/min = 8.08 kcals/min = 9.26
Subject #7 - Field #1
HR RER V02 Kcals
121 0.80 0.97 4.63
135 0.83 1.12 5.41
131 0.82 1.08 5.19
131 0.82 1.08 5.19
133 0.82 1.10 5.29
142 0.84 1.20 5.80
Mean 0.82 1.09
Estimated Dig 31.51 kcal/min = 5.25
Actual Dig 44.78 kcal/min = 7.46
Hike
149 0.96 1.66 8.31
168 1.02 2.02 10.22
163 1.00 1.93 9.74
171 1.03 2.08 10.50
174 1.04 2.14 10.79
172 1.03 2.10 10.60
176 1.04 2.18 10.98
177 1.04 2.20 11.08
172 1.03 2.10 10.60
177 1.04 2.20 11.08
168 1.02 2.02 10.22
174 1.04 2.14 10.79
170 1.02 2.06 10.41
178 1.05 2.21 11.17
178 1.05 2.21 11.17
175 1.04 2.16 10.89
96 0.80 0.66 3.17
Mean 1.01 2.00 171.71
Estimated Hike 171.71 kcal/min = 10.10
Actual Hike 199.73 kcal/min = 11.75
1
Estimated Total 203.22 kcal/min = 8.84
Actual Total 244.51 kcal/min = 10.63
Treadmill HR/V02 y=0.019x -1 .168 ; r=0.999
Treadmill HR/RER y=0.003x + 0.513; r=0.991
Pulaski HR/V02 y=0.01 Ix - 0.366:r=0.996
Pulaski HR/RER y=0.002x + 0.558: r=l. 000
Subject #7 FIELD TRIAL #1
Hike
HR RER V02 Kcals
170 1.02 2.06 10.41
164 1.01 1.95 9.83
170 1.02 2.06 10.41
175 1.04 2.16 10.89
174 1.04 2.14 10.79
179 1.05 2.23 11.27
170 1.02 2.06 10.41
177 1.04 2.20 11.08
173 1.03 2.12 10.69
178 1.05 2.21 11.17
168 1.02 2.02 10.22
179 1.05 2.23 11.27
176 1.04 2.18 10.98
182 1.06 2,29 11.56
178 1.05 2.21 11.17
176 1.04 2.18 10.98
172 1.03 2.10 10.60
Mean 1.04 2.14
Estimated Hike 183.73 kcal/min = 10.80
Actual Hike 199.38 kcal/min = 1 1 .7 3
Dig
153 0,86 1.32 6.42
162 0.88 1.42 6.94
162 0.88 1.42 6.94
160 0.88 1.39 6.83
162 0.88 1.42 6.94
164 0.89 1.44 7.06
Mean 0.88 1.40
Estimated Dig 41.12 kcal/min = 6.85
Actual Dig 49.93 kcal/min = 8.32
1
Estimated Total 224.85 kcal/min = 9.78
Actual Total 249.31 kcal/min = 10.84
Subject #8 - FIELD #1
Dig
HR RER V02 KCALS
89 0.89 0.64 3.14
108 0.93 0.87 4.32
114 0.94 0.94 4.67
115 0.94 0.96 4.77
124 0.96 1.06 5.30
127 0.96 1.10 5.50
Estimated = 5.61 kcals/min = 4.62
Actual = 40.27 kcals/min = 6.71
Mean 0.94 0.93
Hike
81 0.83 0.52 2.52
141 0.89 1.66 r  8.15
148 0.90 1.79 8.81
144 0.90 1.71 8.42
158 0.91 1.98 9.77
160 0.91 2.02 9.97
156 0.91 1.94 9.58
168 0.92 2.17 10.74
155 0.91 1.92 9.48
158 0.91 1.98 9.77
167 0.92 2.15 10.64
159 0.91 2.00 9.87
160 0.91 2.02 9.97
162 0.92 2.06 10.19
156 0.91 1.94 9.58
168 0.92 2.17 10.74
158 0.91 1.98 9.77
167 0.92 2.15 10.64
0.91 1.90
Estimated = 16.32 kcals/min = 9.37
Actual = 122.25 kcals/min = 6.79
1
Estimated total = 196.31 kcals/min = 8.18
Actual to tal = 162.52 kcals/min = 6.77
1
Treadmill HR/V02 y=0.019x - 1.023; r= 1.000
Treadmill HR/RER y=0.001 x + 0.753; r=0.999
Pulaski HR/V02 y=0.012x - 0.424; r=0.973
Pulaski HR/RER y=0.002x + 0.710; r=0.783
Subject #8 - FIELD #2
HR RER V02 KCALS
Hike
137 0.89 1.58 7.76
139 0.89 1.62 7.96
136 0.89 1.56 7.66
142 0.90 1.68 8.27
150 0.90 1.83 9.01
143 0.90 1.69 8.32
157 0.91 1.96 9.67
147 0.90 1.77 8.72
158 0.91 1.98 9.77
146 0.90 1.75 8.62
156 0.91 1.94 9.58
146 0.90 1.75 8.62
153 0.91 1.88 9.28
156 0.91 1.94 9.58
160 0.91 2.02 9.97
160 0.91 2.02 9.97
150 0.90 1.83 9.01
Estimated = 15.34 kcals/min = 8.93
Actual = 168.69 kcals/min = 9.92
Mean 0.90 1.81
Dig
109 0.93 0.88 4.37
114 0.94 0.94 4.67
117 0.94 0.98 4.87
119 0.95 1.00 4.99
116 0.94 0.97 4.82
115 0.94 0.96 4.77
Estimated = 5.64 kcals/min = 4.75
Actual = 40.85 kcals/min = 6.81
Mean 0.94 0.96
Estimated total = 180.26 kcals/min = 7.84
Actual total = 209.54 kcals/min = 9.11
Subject #9 Field Trial #1
Hike
HR RER V02 Kcals
109 0.84 1.23 5.97
125 0.86 1.54 7.51
126 0.86 1.56 7.60
129 0.86 1.61 7.85
135 0.87 1.73 8.45
135 0.87 1.73 8.45
143 0.88 1.88 9.21
140 0.88 1.82 8.92
142 0.88 1.86 9.11
131 0.87 1.65 8.06
137 0.87 1.77 8.65
137 0.87 1.77 8.65
131 0.87 1.65 8.06
145 0.88 1.92 9.41
147 0.88 1.96 9.60
146 0.88 1.94 9.50
135 0.87 1.73 8.45
Mean 0.87 1.73
Estimated Hike 143.46 kcal/min = 7.61
Actual Hike 165.32 kcal/min = 9.72
Dig
89 0.88 0.86 4.21
92 0.89 0.92 4.52
94 0.90 0.95 4.68
95 0.90 0.97 4.78
96 0.91 0.99 4.89
99 0.92 1.04 5.15
Mean 0.9 0.96
Estimated Dig 28.22 kcal/min 3.92
Actual Dig 28.40 kcal/min = 4.73
1
Estimated Total 171.68 kcal/min = 6.65
Actual Total 193.72 kcal/min = 8.42
Treadmill HR/V02 y=0.019x - 0.837; r;0.996
Treadmill HR/RER y=0.001x + 0.735; r=0.986
Pulaski HR/V02 y=0.018x - 0.740; r=0.999
Pulaski HR/RER y=0.004x = 0.522; r=0.908
1
Subject #9 Field Trial #2
Dig
HR RER V02 Kcals
71 0.81 0.54 2.60
87 0.87 0.83 4.06
90 0.88 0.88 4.31
91 0.89 0.9 4.42
90 0.88 0.88 4.31
94 0.9 0.95 4.68
Mean 0.87 0.83
Estimated Dig 24.38 kcal/min = 3.62
Actual Dig 29.43 kcal/min = 4.91
Hike
129 0.86 1.61 7.85
136 0.87 1.75 8.55
143 0.88 1.88 9.21
151 0.89 2.03 9.97
152 0.89 2.05 10.07
155 0.89 2.11 10.36
146 0.88 1.94 9.50
142 0.88 1.86 9.11
140 0.88 1.82 8.92
145 0.88 1.92 9.41
147 0.88 2.03 9.60
151 0.89 1.9 9.97
144 0.88 2.09 9.31
154 0.89 2.03 10.26
151 0.89 0.87 9.97
90 0.83 1.96 4.21
Mean 0.88 1.87
Estimated Hike 146.27 kcal/min = 8.38
Actual Hike 154.82 kcal/min = 9.68
Estimated Total 149.96 kcal/min = 7.08
Actual Total 184.25 kcal/min = 8.38
Subject # 1 0 -  Field #1
Hike
HR RER V02 KCALS
173 0.93 1.68 8.33
99 0.79 0.57 2.73
150 0.89 1.34 6.58
167 0.92 1.59 7.87
163 0.91 1.53 7,55
166 0.92 1.58 7.82
171 0.93 1.65 8.19
166 0.92 1.58 7.82
167 0.92 1.59 7.87
169 0.93 1.62 8.04
168 0.92 1.61 7.97
174 0.94 1.70 8.45
170 0.93 1.64 8.14
171 0.93 1.65 8.19
170 0.93 1.64 8.14
170 0.93 1.64 8.14
175 0.94 1.71 8.50
172 0.93 1.67 8.28
174 0.94 1.70 8.45
Mean 0.92 1.56
Estimated = 147.05 kcals/min = 7 7.74
Actual = 134.18 kcals/min = 6.71
Dig
114 0.94 0.66 3.28
134 1.00 0.80 4.04
142 1.03 0.86 4.34
145 1.03 0.88 4.44
146 1.04 0.89 4.49
155 1.06 0.95 4.79
Mean 1.02 0.84
Estimated = 7.12 kcals/min = 4.23
Actual = 27.11 kcals/min = 4.52
Estimated total = 172.44 kcals/min = 6.90
Actual total = 161.29 kcals/min = 6.20
Treadmill HR/V02 y=0.01 5x - 0.911; r=0.996
Treadmill HR/RER y=0.002x = 0.587; r=0.973
Pulaski HR/V02 y=0.007x - 0.136; r= 1.000
Pulaski HR/RER y=0.003x = 0.599; r=0.928
Subject #10  - FIELD #2
Dig
HR RER V02 KCALS
99 0.90 0.56 2.76
127 0.98 0.75 3.77
136 1.01 0.82 4.14
140 1.02 0.84 4.24
141 1.02 0.85 4.29
148 1.04 0.90 4.54
Estimated = 5.97 kcals/min = 3.96
Actual = 28.62 kcals/min = 4.77
Mean 0.99 0.79
Hike
151 0.89 1.35 6.63
163 0.91 1.53 7.55
164 0.92 1.55 7.67
158 0.90 1.46 7.19
168 0.92 1.61 7.97
169 0.93 1.62 8.04
165 0.92 1.56 7.72
173 0.93 1.68 8.33
169 0.93 1.62 8.04
172 0.93 1.67 8.28
170 0.93 1.64 8.14
168 0.92 1.61 . 7.97
167 0.92 1.59 7.87
161 0.91 1.50 7.40
Estimated = 12.85 kcals/min = 7.77
Actual = 92.17 kcals/min = 6.58
Mean 0,92 1.57
Estimated total = 1 32.52 kcals/min = 6.63
Actual total = 120.79 kcals/min = 6.04
Subject #11 - FIELD #1
Dig
HR RER V02 KCALS
86 0.74 0.37 1.75
69 0.69 0.21 0.98
88 0.75 0.39 1.85
72 0.70 0.24 1.12
48 0.63 0.03 0.14
85 0.74 0.36 1.70
Estimated = 4.26 kcals/min = 1.23
Actual = 34.18 kcals/min = 5.70
Mean 0.71 0.27
Hike
169 1.03 1.46 7.37
182 1.07 1.66 8.38
185 1.08 1.70 8.58
188 1.08 1.75 8.83
188 1.08 1.75 8.83
194 1.10 1.84 9.29
171 1.03 1.49 7.52
180 1.06 1.63 8.23
186 1.08 1.72 8.68
163 1.01 1.37 6.91
173 1.04 1.52 7.67
168 1.02 1.45 7.32
180 1.06 1.63 8.23
156 0.99 1.27 6.39
183 1.07 1.67 8.43
178 1.05 1.60 8.08
184 1.07 1.69 8.53
193 1.10 1.82 9.19
175 1.05 1.55 7.82
161 1.00 1.34 6.76
188 1.08 1.75 8.83
100 0.82 0.43 2.07
Mean 1.04 1.55
Estimated = 24.02 kcals/min = 7.82
Actual = 159.60 kcals/min = 7.25
Estimated Total = 179.49 kcals/min = 6.41
Actual Total = 193.78 kcals/min = 6.92
Subject #11 - FIELD #2
HR RER V02 KCALS
147 0.96 1.13 5.65
159 1.00 ^  1.31 6.61
160 1.00 1.33 6.71
164 1.01 1.39 7.02
171 1.03 1.49 7.52
174 1.04 1.54 7.77
175 1.05 1.55 7.82
187 1.08 1.73 8.73
181 1.06 1.64 8.28
188 1.08 1.75 8.83
185 1.08 1.70 8.58
188 1.08 1.75 8.83
182 1.07 1.66 8.38
183 1.07 1.67 8.43
193 1.10 1.82 9.19
196 1.11 1.87 9.44
188 1.08 1.75 8.83
167 1.02 1.43 7.22
Estimated = 18.92 kcals/min = 7.9S
Actual = 148.62 kcals/min = 8.26
Mean 1.05 1.58
146 0.92 0.91 4.50
149 0.93 0.93 4.61
151 0.94 0.95 4.72
151 0.94 0.95 4.72
149 0.93 0.93 4.61
147 0.93 0.92 4.56
Estimated = 5.60 kcals/min = 4.62
Actual - 29.95 kcals/min = 4.99
Mean 0.93 0.93
Estimated Total = 171.57 Actual Total = 178.57
kcals/min = 7.15 kcals/min = 7.4^
Treadmill HR/V02 y=0.015x - 1.072; r=0.995
Treadmill HR/RER y=0.003x + 0.520; r=0.990
Pulaski HR/V02 y=0.009x - 0.407; r=0.998
Pulaski HR/RER y=0.003x + 0.486; r=0.964
Subject #12 - FIELD #1
Hike
HR RER V02 KCALS
142 0.90 1.66 8.17
149 0.91 1.81 8.93
151 0.92 1.85 9.15
156 0.93 1.95 9.67
160 0.94 2.04 10.14
149 0.91 1.81 8.93
152 0.92 1.87 9.25
164 0.94 2.12 10.54
149 0.91 1.81 8.93
148 0.91 1.79 8.84
147 0.91 1.77 8.74
163 0.94 2.10 10.44
157 0.93 1.98 9.82
Mean 0.92 1.86
Estimated = 10.16 kcals/min = 9.35
Actual = 116.30 kcals/min « 8.95
Dig
139 0.87 1.31 6.40
145 0.88 1.36 6.66
148 0.88 1.39 6.81
151 0.89 1.42 6.97
151 0.89 1.42 6.97
150 0.88 1.41 6.91
Mean 29.73 1.35
Estimated = 40.73 kcals/min « 6.79
Actual = 35.34 kcals/min = 5.89
Estimated total = 162.31 kcals/min = 8.54
Actual total = 1 51,64 kcals/min -  7.98
Treadmill HR/V02 y=0.021x - 1.322; r=0.993
Treadmill HR/RER y=0.002x + 0.615; r=0.974
Pulaski HR/V02 y=0.009x + 0.058; r=0.840
Pulaski HR/RER y=0.001x + 0.734; r=0.986
Subject #12 - FIELD #2
Dig
HR RER V02 KCALS
111 0.85 1.06 5.15
127 0.86 1.20 5.85
128 0.86 1.21 5.90
129 0.86 1.22 5.95
131 0.87 1.24 6.21
135 0.87 1.27 6.21
Mean 0.85 1.13
Estimated = 5.17 kcals/min = 5.88
Actual = 37.12 kcals/min = 6.19
Hike
142 0.90 1.66 8.17
146 0.91 1.74 8.59
148 0.91 1.79 8.84
151 0.92 1.85 9.15
151 0.92 1.85 9.15
141 0.90 1.64 8.08
143 0.90 1.68 8.27
152 0.92 1.87 9,25
153 0.92 1.89 9.35
144 0.90 1.70 8.37
149 0.91 1.81 8.93
156 0.93 1.95 9.67
151 0.92 1.85 9.15
158 0.93 2.00 9.92
Mean 0.91 1.81
Estimated = 12.79 kcals/min = 8.92
Actual = 118.92 kcals/min = 8.49
Estimated total = 160.17 kcals/min = 8.01
Actual total = 156.04 kcals/min -  7.80
Sheet1
Subject # 1 3 -  FIELD #1
HR RER V02 kcals
Dig
88 0.99 0.56 2.82
87 0.99 0.55 2.77
79 0.97 0.47 2.35
89 0.99 0.57 2.87
88 0.99 0.56 2.82
87 0.99 0.55 2.77
Mean 0.99 0.54
Estimated = 5.93 kcal/min = 2.73
Actual « 26.65 kcal/min = 4.44
Hike
126 0.92 1.51 7.47
132 0.93 1.60 7.94
112 0.91 1.28 6.32
137 0.93 1.68 8.33
143 0.94 1.78 8.85
143 0.94 1.78 8.85
144 0.94 1.80 8.95
147 0.94 1.84 9.15
149 0.94 1.88 9.35
153 0.95 1.94 9.67
147 0.94 1.84 9.15
149 0.94 1.88 9.35
152 0.95 1.92 9.57
144 0.94 1.80 8.95
156 0.95 1.99 9.92
156 0.95 1.99 9 92
158 0.95 2.02 10.07
149 0.94 1.88 9,35
Mean 0.94 1.8
Estimated - 16.93 kcal/min = 8.95
Actual = 168.22 kcal/mn = 9.35
Estimated Total = 177.57 kcal/min = 7.40
Actual Total = 194.87 kcal/min = 8.12
Treadmill HR/V02 y=0.016x - 0.508; r=0.996
Treadmill HR/RER y=0.001 x + 0.795; r=0.972
Pulaski HR/V02 y=0.010x - 0.320; r=0.999
Pulaski HR/RER y=0.002x + 0.81 5; r= 1.000
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Sheet1
Subject # 1 3 - FIELD #2
Hike
127 0.92 1.52 7.52
131 0.93 1.59 7.89
119 0.91 1.40 6.91
139 0.93 1.72 8.53
143 0.94 1.78 8.85
146 0.94 1.83 9.10
150 0.95 1.89 9.42
146 0.94 1.83 9.10
153 0.95 1.94 9.67
151 0.95 1.91 9.52
153 0.95 1.94 9.67
150 0.95 1.89 9.42
154 0.95 1.96 9.77
145 0.94 1.81 9.00
156 0.95 1.99 9.92
158 0.95 2.02 10.07
156 0.95 1.99 9.92
149 0.94 1.88 9.35
Mean 0.94 1.84
Estimated = 15.11 kcal/min = 9.09
Actual = 158.07 kcal/min = 9.30
Dig
101 1.02 0.69 3.48
102 1.02 0.70 3.53
104 1.02 0.72 3.63
105 1.03 0.73 3.68
108 1.03 0.76 3.84
110 1.04 0.78 3.94
Mean 1.03 0.73
Estimated = 4.12 kcal/min = 3.69
Actual = 30.85 kcal/min -  5.14
1
Estimated Total = 185.75 kcal/min = 7.74
Actual Total = 188.92 kcal/min = 7.87
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Trial # 1 Upper Body (Total kcal)
Type III Sums of Squares
Source df F-Value P-Value G-G H-F
Gender 1 3 6 5 .2 5 2 3 6 5 .2 5 2 .236 .6 3 6 9
Subject(Group) 1 1 17047 .944 1549 .813
Measure 1 2 2 0 .0 2 4 2 2 0 .0 2 4 .133 .7221 .7221 .7221
Measure * Gender 1 1931 .5 5 9 1931 .559 1.169 .3027 .3027 .3027
Measure * Subj... 1 1 18175 .689 1652 .335
Dependent; Trial 1 UB - Total kcals
Means T able 
E ffec t: G ender 
D ependent: Trial 1 UB - Total kcals
Count Mean Std. Dev, Std. Error
female 12 4 4 .2 7 4 57 .435 16 .580
male 14 36 .7 5 6 8 .772 2 .3 4 4
Means Table 
E ffect: M easure
D ependent: Trial 1 UB - Total kcals
Count Mean Std. Dev. Std. Error
Estimated 13 42 .478 55.331 15.346
Actual 13 37.973 8.073 2.239
Means Table
E ffect: M easure * Gender 
D ependent: Trial 1 UB - Total kcals
Count Mean Std. Dev. Std. Error
Estimated, female 6 55 .837 83 .114 33.931
Estimated, male 7 31 .029 5.921 2.238
Actual, female 6 32.712 5.347 2.183
Actual, male 7 42 .483 7.424 2.806
Trial # 1 Upper Body Measure (kcal min ')
Type III Sums of Squares
Source df F-Value P-Value G-G H-F
Gender 1 15.055 15.055 8 .9 6 4 .0122
Subject(Group) 1 1 18 .474 1.679
Measure 1 2 1 .1 3 0 2 1 .1 3 0 17 .458 .0015 .0015 .0015
Measure * Gender 1 .067 .067 .055 .8 1 8 6 .8186 .8186
Measure * Subj... 1 1 13.313 1.210
Dependent: Trial TUB - kcal/min
Means T able 
E ffec t: G ender 
D ependen t: Trial lUB - kcal/m in
Count Mean Std. Dev. Std. Error
female 12 4 .6 0 0 1.524 .440
male 14 6 .1 2 6 1.461 .391
Means Table 
E ffect: M easure
D ependent: Trial 1UB - kcal/m in
Count Mean Std. Dev. Std. Error
Estimated 13 4 .514 1.450 .402
Actual 13 6 .330 1.344 .373
Means Table
E ffect: M easure * Gender 
D ependent: Trial lUB - kcal/m in
Count Mean Std. Dev. Std. Error
Estimated, female 6 3.747 1.602 .654
Estimated, male 7 5.171 .988 .373
Actual, female 6 5.453 .891 .364
Actual, male 7 7.081 1.234 .466
Trial U 1 Lower Body Measure (Total kcal)
Type III Sums of Squares
Source df F-Value P-Value G-G H-F
gender 1 14394 .475 1 4394 .475 8 .418 .0 1 4 4
Subject(Group) 1 1 18808.696 1709 .882
Measure 1 7 6 9 .9 9 4 7 6 9 .9 9 4 2 .5 3 8 .1 3 9 4 .1 3 9 4 .1394
Measure * gender 1 1 3 1 .310 131 .310 .433 .5241 .5241 .5241
Measure * Subj... 1 1 3 3 3 7 .0 9 8 303 .3 7 3
Dependent: LB Tota kcals
Means T able 
E ffec t: g en d e r 
D ependent: LB T otal kcals
Count Mean Std. Dev. Std. Error
males 14 2 1 5 .1 4 8 3 4 .2 3 7 9 .1 5 0
females 12 1 6 7 .949 2 6 .7 3 7 7 .718
Means Table 
E ffect: M easure 
D ependent: LB T otal kcals
Count Mean Std. Dev. Std. Error
Estimated 13 187.732 37 .484 10.396
Actual 13 198.995 40 .632 11.269
Means Table
Effect: M easure * gender 
D ependent: LB Total kcals
Count Mean Std. Dev. Std. Error
Estimated, males 7 207 .436 37.598 14.211
Estimated, females 6 164.745 22.318 9.111
Actual, males 7 2 22 .860 31.421 11.876
Actual, females 6 171.153 32.403 13.228
Trial # 1 Lower Body Measure (kcal min ')
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
gender 1 3 5 .3 5 9 3 5 .3 5 9 4 1 .7 5 0 .0001
Subject(Group) 1 1 9 .3 1 6 .847
Measure 1 1 .784 1.784 3.231 .0 9 9 7 .0997 .0997
Measure * gender 1 .467 .467 .846 .3775 .3775 .3775
Measure * Subj... 1 1 6 .074 .552
Dependent: LB Total - kcal/min
Means T able 
E ffec t: g e n d e r 
D ependen t: LB T otal - kcal/m in
Count Mean Std. Dev. Std. Error
males 1 4 9 .9 4 4 .908 .243
females 12 7 .605 .802 .232
Means Table 
E ffect: M easure
D ependent: LB T otal - kcal/m in
Estimated
Actual
Count Mean Std. Dev. Std. En-or
13 8.592 1.238 .343
13 9 .138 1.654 .459
Means Table
Effect: M easure * gender 
D ependent: LB Total - kcal/m in
Count Mean Std. Dev. Std. En-or
Estimated, males 7 9.547 .643 .243
Estimated, females 6 7 .477 .640 .261
Actual, males 7 10.341 1.002 .379
Actual, females 6 7.733 .983 .401
Trial #2 Upper Body Measure (Total kcal)
Type III Sums of Squares
Source df F-Value P-Value G-G H-F
Gender 1 6 4 1 .7 7 7 6 4 1 .7 7 7 13.661 .0035
Subject (Group) 1 1 5 1 6 .7 6 0 4 6 .9 7 8
Measure 1 1 17.543 117.543 3 .564 .0857 .0857 .0857
Measure * Gender 1 5 .9 9 8 5 .998 .182 .6 7 8 0 .6780 .6780
Measure * Subj... 1 1 36 2 .7 9 4 32.981
Dependent: Trial 2 UB - Total kcals
Means T able 
E ffec t: G ender 
D ependent: Trial 2 UB - Total kcals
Count Mean Std. Dev. Std. Error
females 12 30 .433 5 .759 1.662
males 14 4 0 .3 9 9 7 .0 3 4 1.880
Means Table 
E ffect: M easure
D ependent: Trial 2 UB - Total kcals
Count Mean Std. Dev. Std. Error
Estimated 13 33 .629 7.495 2 .079
Actual 13 37 .968 8.432 2 .339
Means Table
E ffect: M easure * Gender 
D ependent: Trial 2 UB - Total kcals
Count Mean Std. Dev. Std. Error
Estimated, females 6 28.782 6 .329 2.584
Estimated, males 7 37 .784 5.945 2.247
Actual, females 6 32.083 5.135 2.096
Actual, males 7 43.013 7.477 2.826
Trial # 2 Upper Body Measure (kcal min ')
Type III Sums of Squares
Source df F-Value P-Value G-G H-F
Gender 1 17 .862 17.862 13.693 .0035
Subject(Group) 1 1 14 .349 1.304
Measure 1 3 .264 3 .264 3 .563 .0 8 5 7 .0857 .0857
Measure * Gender 1 .167 .167 .182 .6 7 7 7 .6 7 7 7 .6777
Measure * Subj... 1 1 10 .077 .916
Dependent: Trial 2 UB - kca /min
M eans T able 
E ffec t: G ender 
D ependent: Trial 2 UB - kcal/m in
Count Mean Std. Dev. Std. Error
females 12 5 .072 .960 .277
males 14 6 .7 3 4 1.172 .313
Means Table 
E ffect: M easure
D ependent: Trial 2 UB - kcal/m in
Count Mean Std. Dev. Std. Error
Estimated 13 5.605 1.250 .347
Actual 13 6 .328 1.406 .390
Means Table
E ffect: M easure * Gender 
D ependent: Trial 2 UB - kcal/m in
Count Mean Std. Dev. Std. Error
Estimated, females 6 4.797 1.055 .431
Estimated, males 7 6 .299 .991 .375
Actual, females 6 5.347 .857 .350
Actual, males 7 7.170 1.245 .471
Trial # 2 Lower Body Measure (Total kcal)
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Gender 1 12177.908 12177 .908 2 1 .3 2 7 .0 0 0 7
Subject(Group) 1 1 6 2 8 1 .1 9 5 5 7 1 .0 1 8
Measure 1 3 3 9 .0 9 9 3 3 9 .0 9 9 4 .093 .0 6 8 0 .0 6 8 0 .0680
Measure * Gender 1 100 .016 100 .016 1.207 .2953 .2953 .2953
Measure * Subj... 1 1 9 1 1 .3 0 5 8 2 .8 4 6
Dependent: Trial 2 LB - Total kcals
Means T ab le 
E ffec t: G ender 
D ependent: Trial 2 LB - Total kcals
Count Mean Std. Dev. Std. Error
females 12 146 .875 16 .532 4 .772
males 1 4 1 90 .288 18 .926 5 .058
Means Table 
E ffect: M easure
D ependent: Trial 2 LB - Total kcals
Count Mean Std. Dev. Std. Error
Estimated 13 166 .478 25 .912 7.187
Actual 13 174.025 30 .840 8.554
Means Table
E ffect: M easure * Gender 
D ependent: Trial 2 LB - Total kcals
Count Mean Std. Dev. Std. Error
Estimated, females 6 145.220 13.779 5.625
Estimated, males 7 184.699 18.585 7.024
Actual, females 6 148.530 20 .120 8.214
Actual, males 7 195.877 18.916 7.149
Trial # 2 Lower Body Measure (kcal min ')
Type III Sums of Squares
Source df F-Value P-Value G-G H-F
Gender 1 39 .035 39 .035 20 .324 .0 0 0 9
Subject (Group) 1 1 2 1 .1 2 7 1.921
Measure 1 1.538 1.538 5 .309 .0 4 1 7 .0417 .0417
Measure * Gender 1 .464 .464 1.600 .2 3 2 0 .2320 .2320
Measure * Subj...  ̂ 1 3 .1 8 7 .290
Dependent: Trial 2 LB - kcal/min
Means T able 
E ffec t: G ender 
D ependen t: Trial 2 LB - kcal/m in
Count Mean Std. Dev. Std. Error
females 12 8 .7 0 0 .916 .264
males 1 4 11 .158 1.151 .308
Means Table 
E ffect: M easure
D ependent: Trial 2 LB - kcal/m in
Count Mean Std. Dev. Std. Error
Estimated 13 9 .769 1.415 .392
Actual 13 10.278 1.821 .505
Means Table
E ffect: M easure * Gender 
D ependent: Trial 2 LB - kcal/m in
Count Mean Std. Dev. Std. Error
Estimated, females 6 8 .590 .640 .261
Estimated, males 7 10.780 1.039 .393
Actual, females 6 8 .810 1.186 .484
Actual, males 7 11.536 1.208 .457
Upper Body Delta Measure (Total kcal)
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
gender 1 16.262 16.262 .182 .6778
Subject (Group) 1 1 9 8 2 .0 6 0 8 9 .2 7 8
UB Delta 1 2 7 8 .5 8 8 2 7 8 .5 8 8 4 .3 8 9 .0601 .0601 .0601
UB Delta * gender 1 .749 .749 .012 .9155 .9155 .9155
UB Delta * Subj... 1 1 6 9 8 .2 4 0 6 3 .4 7 6
Dependent: UB Delta Total kcals
M eans T able 
E ffec t: g e n d e r
D ependen t: UB D elta Total kcal:
Count Mean Std. Dev. Std. Error
female 12 -6 .755 8.221 2 .373
male 1 4 -8.341 9 .670 2 .5 8 4
Means T able 
E ffec t: UB 
D ependent;
D elta
UB D elta Total kcal:
Count Mean Std. Dev. Std. Error
Trial 1 13 -1 0 .8 7 9 8 .943 2 .480
Trial 2 13 -4 .339 7 .840 2 .174
Means Table
E ffect: UB Delta * gender 
D ependent: UB Delta T otal kcals
Count Mean Std. Dev. Std. Error
Trial 1, female 6 -1 0 .2 0 8 8 .942 3.651
Trial 1, male 7 -1 1.454 9 .617 3 .635
Trial 2 , female 6 -3 .302 6.331 2 .585
Trial 2, male 7 -5 .229 9 .3 5 6 3 .536
upper Body Delta Measure (kcal min ')
Type III Sums of Squares
Source df F-Value P-Value G-G H-F
gender 1 .077 .077 .025 .8767
Subject (Group) 1 1 33 .525 3 .0 4 8
UB Delta 1 5 .762 5.762 4.11 1 .0675 .0675 .0675
UB Delta * gender 1 .0 5 7 .057 .041 .8433 .8433 .8433
UB Delta * Subj... 1 1 15 .415 1.401
Dependent: UB Delta Kcals/min
Means T able 
E ffec t: g e n d e r
D ep en d en t: UB D elta K cals/m ir
Count Mean Std. Dev. Std. Error
female 12 -1 .282 1.387 .4 0 0
male 14 -1.391 1.611 .430
Means T able
E ffec t: UB Delta
D epen d en t: UB D elta K cals/m ir
Count Mean Std. Dev. Std. Error
Trial 1 13 -1 .8 1 6 1.493 .414
Trial 2 1 3 -.865 1.364 .378
Means Table
E ffect: UB Delta * gender 
D epen d en t: UB D elta K cals/m in
Count Mean Std. Dev. Std. Error
Trial 1, female 6 -1 .707 1.501 .613
Trial 1, male 7 -1 .9 1 0 1.600 .605
Trial 2, female 6 -.857 1.243 .5 0 7
Trial 2 , male 7 -.871 1 .559 .589
Lower Body Delta Measure (Total kcals)
Type III Sums of Squares
Source df F-Value P-Value G-G H-F
gender 1 2 0 6 .1 9 0 2 0 6 .1 9 0 .463 .5103
Subject (Group) 1 1 4 8 9 8 .5 3 5 445.321
LB Delta 1 118 .622 118 .622 .875 .3695 .3695 .3695
LB Delta * gender 1 31 .835 31 .835 .235 .6 3 7 4 .6374 .6374
LB Delta * Subje... 1 1 1490.511 135.501
Dependent: LB Delta Total kcals
Means T ab le 
E ffec t: g e n d e r
D ependen t: LB Delta T otal kcals
Count Mean Std. Dev. Std. Error
female 12 -2 .2 7 8 15 .229 4 .396
male 1 4 -7 .9 2 6 17 .539 4 .687
Means T able 
E ffec t: LB Delta
D ependen t: LB D elta T otal kcals
Count Mean Std. Dev. Std. Error
Trial 1 13 -3 .092 19 .588 5 .433
Trial 2 13 -7 .547 12.983 3.601
Means Table
E ffect: LB Delta * gender 
D ependen t: LB D elta T otal kcals
Count Mean Std. Dev. Std. Error
Trial 1, female 6 -1 .245 17 .844 7 .285
Trial 1, male 7 -4 .674 22 .265 8 .415
Trial 2, female 6 -3 .3 1 0 13 .757 5 .616
Trial 2, male 7 -1 1 .1 7 9 12 .086 4 .5 6 8
Lower Body Delta Measure (kcal min ’)
Type III Sums of Squares
Source df F-Value P-Value G-G H-F
gender 1 1.267 1.267 .857 .3745
Subject (Group) 1 1 16.262 1.478
LB Delta 1 .378 .378 .7 5 6 .4032 .4032 .4032
LB Delta * gender 1 .202 .202 .4 0 4 .5380 .5380 .5380
LB Delta * Subje... 1 1 5 .4 9 8 .500
Dependent: LB Delta kcal/min
M eans T ab le 
E ffec t: g e n d e r
D ep en d en t: LB D elta kcal/m in
Count Mean Std. Dev. Std. Error
female 12 -.101 .965 .278
male 14 -.544 .967 .258
Means T able
E ffec t: LB Delta
D ependen t: LB D elta kcal/m in
Count Mean Std. Dev. Std. Error
Trial 1 13 -.212 1.132 .314
Trial 2 13 -.467 .809 .224
Means Table
E ffect: LB Delta * gender 
D epen d en t: LB Delta kcal/m in
Count Mean Std. Dev. Std. Error
Trial 1, female 6 -.068 1.124 .459
Trial 1, male 7 -.334 1.213 .458
Trial 2, female 6 -.133 .883 .361
Trial 2, male 7 -.753 .673 .254
upper Body + Lower Body Delta Measure (Total kcal)
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
gender 1 367.221 367.221 .570 .4661
Subject (Group) 1 1 7 0 8 7 .3 5 4 644 .305
"Combined (UB+... 1 2 5 .2 8 6 25 .286 .107 .7503 .7503 .7503
"Combined (UB+... 1 3 2 .9 0 9 3 2 .9 0 9 .139 .7167 .7167 .7167
"Combined (UB+... 1 1 261 1.675 237 .425
Dependent: (UB+LB) Delta Total kcals
Means T ab le 
E ffec t: g e n d e r
D ependen t: (UB+LB) D elta Total kcal!
Count Mean Std. Dev. Std. Error
female 12 -8 .7 2 9 15 .916 4 .595
male 1 4 -1 6 .2 6 8 2 3 .1 4 9 6 .187
Means T able
E ffec t: C om bined (UB+LB) D elta 
D ependen t: (UB+LB) D elta Total kcal!
Count Mean Std. Dev. Std. Error
Trial 1 1 3 -13.691 23 .1 3 0 6.415
Trial 2 13 -1 1.886 17 .510 4 .8 5 6
Means Table
E ffec t: Combined (UB+LB) Delta * gender 
D ependen t: (UB+LB) D elta Total kcals
Count Mean Std. Dev. Std. Error
Trial 1, female 6 -1 0 .847 16.461 6 .720
Trial 1, male 7 -1 6 .129 28 .795 10 .884
Trial 2, female 6 -6 .612 16.601 6 .7 7 7
Trial 2, male 7 -1 6 .4 0 7 18.217 6 .8 8 5
Upper Body + Lower Body Delta Measure (kcalmin*')
Type III Sums of Squares
Source df of Squares Mean Square F-Value P-Value G-G H-F
gender 1 1.235 1.235 1.087 .3195
Subject (Group) 1 1 12.501 1.136
"Combined (UB+... 1 .074 .074 .154 .7024 .7024 .7024
"Combined (UB+... 1 .062 .062 .130 .7252 .7252 .7252
"Combined (UB+... 1 1 5 .2 7 0 .479
Dependent: (UB+LB) Delta Kcals/min
M eans T ab le  Z
E ffec t: g e n d e r
D ep en d en t: (UB+LB) D elta K cals/m ir
Count Mean Std. Dev. Std. Error
female 1 2 -.334 .745 .215
male 1 4 -.771 -953 .255
M eans Table
E ffec t: C om bined (UB+LB) Delta 
D ep en d en t: (UB+LB) D elta K cals/m ir
Count Mean Std. Dev. Std. Error
Trial 1 1 3 -.619 .983 .273
Trial 2 13 -.520 .790 .219
Means Table
E ffect: Combined (UB+LB) Delta * gender 
D ependen t: (UB+LB) D elta K cals/m in
Count Mean Std. Dev. Std. Error
Trial 1, female 6 -.437 .756 .309
Trial 1, male 7 -.776 1.180 .446
Trial 2, female 6 -.232 .790 .322
Trial 2, male 7 -.767 .757 .2 8 6


